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ABSTRACT 

Predictive syntactic analysis is  a scheme for the automatic 

syntactic analysis of natural language that is based on a continuous 

left-to-right scan of a sentence. This report supersedes previous 

reports or. the experimental predictive syntactic analysis program for 

Russian, All the grsimnatical rules followed by the experimental program 

are here included. This paper is intended to serve at this time both as 

a. report of past accomplishments and as a working paper on which to base 

future research. 
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I. COMPREHENSIVE REPORT ON PREDICTIVE SYNTACTIC ANALYSIS 

Murray E. Sherry 

1. Introduction 

Predictive syntactic analysis is a scheme for the automatic syntactic 

analysis of natural language that is based on a continuous left-to-right scan 

of a sentence. Past experience has been largely limited to the syntactic 

1 ^ 3 A 
analysis of technical Russian texts, '■<■•, ; although several attempts to 

5 6 
analyze English texts by this method have been made. ' 

This report supersedes previous reports on the experimental pre- 

dictive syntactic analysis program for Russian. All the gramnatical rules 

followed by the experimental program are here included. This paper is 

intended to serve at this time both as a report of past accomplishments and 

as a working paper on which to base future research. It is specifically 

not intended to be a concise summary of the predictive syntactic analysis 

scheme for the casual reader. Various brief outlines of the predictive 

method have been presented in earlier papers listed in the bibliography. 

^he experimental program is ctill far from complete. A number of 

grammatical structures, such as interrogative sentences and iaiomatic 

constructions, have not yet been taken into account and, therefore, cannot 

be analyzed correctly at this time. No means of analysis for such structures 

will be suggested here unless their analysis seems to parallel closely that 

of an existing analysis technique. 

Detailed operation of the experimental predictive syntactic analysis 

program is not mentioned here. These programming techniques and the problems 
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inherent in them are discussed at length by Isenberg    in another section 

of this report. 

Experience has shown that, although the individual operations 

performed in the predictive analysis program are not formidable conceptually, 

en masse they are exceedingly difficult to master.    The method adopted for 

the presentation of the operations is to start with the simplest ones and 

build on this base to the more involved mechanisms used in the program. 

This presentation is supplemented by a concise,  complete,  cross-referenced 

set of rules for the present analysis prograjn (Appendix A).    With these 

rules the reader can duplicate any analysis described or illustrated here. 

Explicit examples from analyzed text have been included wherever 

possible to summarize the vast number of details that are covered. 

Hopefully, these examples are sufficiently varied to preclude the necessity 

for the reader to study the individual analyzed texts,  since the scanning 

of texts is an extremely laborious method for studying program output.    The 

majority of the words from the texts occur in a few simple grammatical 

constructions which are repeated endlessly» 

Four texts,  listed below,  amounting to approximately 5500 running 

words,  have been analyzed by the latest experimental version of the program 

and are the basis for the examples in thia report: 

Text 00A:    BjiaflMMHpCKHi^ K0 B.^   "0 CMHXPOHHOU §HjibTpe it aypnaui 

3KcnepMMeHTajibHOM M TeopeTiwecKOK ^MSMKI^  TOM 21   sun. 1 

bKamecmft MHCTMTyT HMeror ;i0 H. Jeoe^esa^ AH CCCP, 1951, 8 crp. 

Text OOK:    rHe^eHKOj  B„ B0, Kypc xenpioM BepoaTHQCTefi   rjiasa ^  naparpa* 4.8 

"BBO^mje aaweqaHMfl "  Pocy^apcTBeHHoe waflaTejiLCTBO TSXHHKO- 

TeopeTMwecKotf jmreparyphi,  MocKBa-JIeroiKrpa^  1950, 2^0-2. 
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Text OUU:    qeÖBimeB, IT. 1.,  "Ilpomie covvmeimp ÖMorpaifwecKMe waTepwajiM," 

nojiHoe coöpamp comAHe-mü 11» JI» qe6fciiiieBa, TOM 5,  "Ontrr 

sjieMenrapHoro anajiMaa TeopMH BepofrrHOcrefi," MaflaTejibCTBO AH CCCP> 

MocKsa» 1951, 27-8.    (This text was suggested by I. Rhodes of 

the National Bureau of Standards.) 

Text OQH:    ne^aTHue cxemi caHTKMeTpoBoro_;gM:ana30Ha)  CßopHMK CTaTeö ncfl 

peflaKi^ieK 3. M. CyniKeEJwa,  "IIpeflKCjiOBMe peflaicropa pyccKoro 

nepeBOfla," MsflaTejibCTBO MBDCTpaHHoS jmrepaTyp&i, MocKBa, 1956, 

5-7. 

Texts 00K (924- words)  and 00H (700 words) are taken from modern technical 

literature.    Text OUU (545 words) is a small sample from a 19th century 

piece of technical writing.    The analysis of this text is distinctly 

inferior to the analysis of any of the others due largely to the different 

syntactic rules followed almost 100 years ago.    Text 00A (3270 words) has 

previously been used extensively to generate syntactic rules.    This text 

has been re-analyzed with the latest version of the program although it 

has not been recently used as source material to improve the experimental 

program.    Text C0A has been rejected as source material to avoid biasing 

the program to the writing style of any particular author. 

Two other texts were also analyzed by this latest experimental 

version of the program;  these are texts -$ (S16 words)  and YYY Ul6 words). 

The sentences in text t were specifically composed to contain particular 

syntactic properties of interest that rarely occur in texts.    The sentences 

in text YYY are interesting samples culled from several texts and brought 

together to provide material of greater than average grammatical variety to 

aid in testing and developing the predictive analysis program. 
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Several errors, either typing mistakes or program errors made during 

dictionary lookup, appear on the input tape of textJ . Rather than repeat 

the process of dictionary lookup, the input tape of text $  was directly 

corrected. To distinguish the altered entries, the mark (CORR.ENTRY) has 

been entered, replacing the English correspondent in the 10-word item. The 

grammatical information placed in the corrected items is identical in every 

respect to the information which would have been automatically Inserted by 

the appropriate programs. 

Wherever possible, samples have been chosen from texts 00K and 00H. 

Texts OUU and YIY have been used as second choices. Examples not present 

in those four texts were chosen from text 00A, and text f was used only-as 

a last resort. Extra words have often been left in the examples to indicate 

the context of the sentence structure being discussed. 

More than one-third of the sentences in the six texts have been 

analyzed successfully by the experimental program. A "successful" analysis 

is one in which either the syntactic analysis produced by the program is 

grammatically correct or the error-detecting properties of the program are 

sufficient to indicate the correct solution. Due to the limited size of 

internal memory on the Univac II Computer, the computer used for the pre- 

dictive syntactic analysis program, it has not been practical to provide 

for error-correcting routines. Thus there is no indication of error cor- 

rection on the present output of the program. 

Most unsuccessful sentence analyses are due to a single error. 

Several problems account for a large number of the errors: missing words 

in the Russian-English dictionary, no grammatical information for proper 

4 
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names, no analysis for certain punctuation marks, etc. Other problems more 

closely associated with existing rules of analysis are mentioned in 

appropriate parts of this report. 

As time passes, the remaining problems are more and more specialized. 

The rules for the solutions of these problems are utilized rarely and the 

size of the program increases rapidly. However, so long as the new rules 

fit into the basic scheme of the program, they can be easily incorporated. 

The work on predictive syntactic analysis is an outgrowth of studies 

on a syntactic analysis technique by Rhodes and the formalization of the 

syntax of the Lukasiewicz parenthesis-free notation by Burks, Warren, and 

9 10 
Wright, and bears general similarities to the linguistic model of Chomsky. 

A theoretical model which is analogous to the predictive syntactic analysis 

11 2 12 
program in several interesting aspects is due to Oettinger and the author.   ' 

This report is divided into nine parts, each one dependent on the 

preceding ones. After a comprehensive outline of the predictive syntactic 

analysis technique (Part 2), the simple constructions of noun phrases are 

discussed (Part 3). Verb phrases and other relationships of government are 

then taken up in Part A'   More involved relationships among the components 

of clauses, the subjects and predicates, are discussed in Part 5, prior to 

the identification of clauses and complex phrase forms in Fart 6. Parts 7 

and 8 are devoted, respectively, to the identification of compound structures 

and t. 'i.rr miscellaneous constructions. The various details are summarized 

by a series of examples of complete sentences analyzed by the program 

(Fart 9). 
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Some of the comments and examples in this report were initially 

suggested by co-workers of the author. Mr. Warren Plath, in particular, 

has freely devoted many hours to the study of the analyzed texts. He has 

pointed out a significant proportion of the errors in the present program 

and has proposed means for correcting many of these errors. 

2. The Predictive Syntactic Analysis Technique 

The method of predictive syntactic analysis is based on the premise 

that a Russian sentence can be scanned from left to right, and that at any 

point in this process it is possible both to determine the syntactic 

structure of the word under consiaeration on the basis of the predictions 

made during the analysis of the words to its left, and to predict the 

syntactic structures which will be encountered to the right of the current- 

word. Any language exhibiting the properties of a nested language can be 

analyzed in one direction in the same general manner. 

In English, if a sentence is interrupted by a phrase or a clause, 

the embedded phrase or clause will be completed before the main clause is 

resumed. This embedded phrase or clause is considered to be nested within 

the main clause. Thus the clause "who came to dinner" is nested in the 

sentence; "the man who came to dinner ate heartily," whereas the unnested 

string of words, "the man who came ate heartily to dinner" is a questionable 

sentence at best. Another structure, the phrase "to dinner," is nested within 

the subordinate clause. A level, or depth, of nesting can be assigned to 

every phrase and clause in a sentence. Thus "the man ate heartily" is at 

the first level, "who came to dinner" .  ac the second level, and "to dinner" 

is at the third and deepest levex. 
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The concept of nesting recently has received the attention of several 

13 
investigators. Alt  has discussed the problem of assigning numerical values 

JA 15 
to clauses and phrases within a sentence. Yngve  and Sager  have also used 

the nesting concept when discussing, respectively, the synthesis and analysis 

of English sentences. Sager uses the terminology of "depth of parenthe- 

sization" instead of "depth of nesting" since she conceives of an approach 

whereby a pair of parentheses is placed around every identifiable nested 

if) 
structure. Plath  has presented a method for diagramming nested'structures 

and parenthesizing each of these structures. 

The terminology for describing the predictive syntactic analysis 

technique has evolved parallel to the development of the technique itself. 

The original terminology has undergone a complete revision in addition to 

several minor modifications. The terminology to be described in this section 

is merely the latest and, hopefully, the most meaningful set of terras. 

A. The Program Cycles for Predictive Syntactic Analysis 

Predictions of syntactic structures are stored in a prediction pool 

which behaves somewhat like a pushdown store, a linear array of storage ele- 

ments in which information is entered or removed from one end only, in 

accordance with a "last-in-first-out" principle.   New predictions are always 

entered at the top of the prediction pool, and the predictions are tested 

starting at the top of the pool and proceeding downward. The topmost pre- 

diction in a pool need not necessarily be the next prediction to be fulfilled. 

In the experimental program the predictions used are those of the 

syntactic roles that the words assume in a sentence. Many predictions are 

named for classical syntactic roles such as the subject prediction. All 
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these names are explicitly defined within the context of the experimental 

program.. These definitions need not coincide with the classical grammatical 

definitions, but they resemble the classical definitions closely. 

AL 

The present program uses 10-word items both for input and for 

output (Figure 1}  to take advantage of the input-output characteristics 

as well as certain internal operations of Univac I and II Computers. The 

first English correspondent stored in the dictionary entry of a Russian 

word, the morphological class of the Russian word, the Russian word itself, 

and the text serial number appear in the first five machine wrds of the 

10-word item. The syntactic data is contained entirely in the last five 

machine words of the item. The coding format of the information in the 

last five machine words (word 5 to word 9) for each morphological type and 

17 
syntactic class of Russian word is described by Foust  in another section 

of this report. Words 5 and 8 contain morphological and syntactic infor- 

mation that remains invariant during the analysis of the Russian word. 

During the analysis the syntactic; role of the word in the sentence is placed 

into word 9, which, before the analysis, contains the dictionary entry number 

of the Russian word. Various grammatical characteristics, such as case, 

number, gender, etc., are, when applicable, stored in words 6 and 7. When 

the analysis program selects the information appropriate to the particular 

syntactic role of the Russian word, the remainder of the information is 

deleted from these two machine words. 

Machine words are numbered 0,1,...,9• 

The figures for this section of the report are bound separately and 
included in a pocket attached to the back cover of the report. 
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The process of predictive syntactic analysis consists of two cycles, 

a testing cycle and a predicting cycle. 

(1) The Testing Cycle. During the testing cycle the predictions 

are tested against the information about the arguments or grammatical 

characteristics of a word that are obtainable from a dictionary. , Since 

the lexical properties of words do not always define a unique argument, a 

set of alternative arguments must be considered. Thus, "waters" has two 

alternative arguments: /noun, plural/ and /verb, 3rd person, singular, 

present tense/. The alternative arguments of a single 10-word item are 

completely described by machine words 5 to 8. If grammatical information 

must be stored with a prediction, it is placed in grammar words, which are 

referred to by the prediction. 

•From this point- of view, the morphological homograph problem in 

Russian is subsumed under the heading of alternative arguments. It makes 

no difference with regard to the input whether a word has two or more 

alternative arguments such as the nominative singular and accusative singular 

for the Russian noun CTOI, or whether there are two or more homographs of 

a word, such as the pronoun and the noun homographs of the word TOM, which 

are translated as "that" or "volume," respectively. Although the alternative 

arguments of CTOJI are described in a single 10-word item and the alternative 

arguments of TOU are described in two 10-word items, the program treats the 

alternative arguments of both words identically. 

Whenever an alternative argument fulfills a prediction, an inter- 

section occurs. The preferred argument is the alternative argument of the 

first intersection in a test sequence. The prediction of the first 
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intersection of a test sequence is fulfilled; likewise, a word is accepted 

by the fulfilled prediction. A fulfilled prediction is wiped or removed 

from the prediction pool. 

The syntactic role is the grammatical role of the fulfilled pre- 

diction and is stored in word 9. The information contained in the preferred 

argument in words 5 to 8 and in the syntactic role in word 9 is, collectively, 

the grammatical unit. 

In a test sequence all the alternative arguments of a word are tested 

against ail the predictions in the pool in their respective orders, so that 

each prediction, in turn, is tested against the set of all alternative 

arguments. All intersections occurring subsequent to the first Intersection 

are listed in hindsight for future reference, while the grammatical unit is 

recorded as the temporary analysis for the given word. The other alternative 

arguments which intersect with subsequent predictions are intersecting ■ 

arguments, and the alternative roles are listed with them. 

An output 10-word item and a hindsight 10-word item are almost 

identical in appearance; the sole difference is in the presence of two 

2-digit columns located to the left of the text serial number in the output 

item. The first number is the chain number, an error indicator that will 

be discussed later: the second number states the total number of predictions 

in the prediction pool before J'e analysis of the 10-word item. 

To indicate boundaries of different sets and subsets of predictions 

in the pool at a given tin.. , several types of sentinels are placed in the 

pool. These sentinels are usually found just below the last prediction of 

a set. Presently, the format of sentinels coincides with the format of 
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predictions; however, this is a temporary expedient that will probably be 

abandoned in the near future. 

(2) The Predicting Cycle. After the testing cycle has been completed 

and a grammatical unit for a Russian word has been chosen, the predicting 

cycle is started. The operations of this cycle update the prediction pool 

(1) by wiping the fulfilled prediction and other rejected predictions, 

(2) by modifying predictions already in the pool, and (3) by adding new 

predictions to the top of the pool aa indicated by the grammatical unit of 

the analyzed word. 

The rules for wiping predictions in the pool are based on the 

sentinels located in the prediction pool as well as on the predictions 

themselves. Modification of existing predictions and addition of new 

I predictions are based on the word class of a word as well as its syntactic 

role. The grammatical categories such as person, case, number, etc., of a 

word play only indirect roles in the predicting process. This information 

serves to limit the words that can fulfill predictions, where the words 

fulfilling the predictions are restrained to agree with preceding analyzed 

words in one or more grammatical category. 

In this manner, a noun assigned the syntactic role of subject would 

cause (1) the subject prediction to be wiped from the pool; (2) the predicate 

head prediction to be modified, so that only a predicate agreeing with the 

subject in person, number, and gender can be accepted; and (3) three new 

predictions, a compound subject, a noun complement, and a modifier, to be 

entered at the uop of the pool. The compound subject is predicted because 

the syntactic role of the word is analyzed as the subject; the noun 
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complement; a prediction of a genitive noun phrase, and the modifier, a 

prediction of a participial phrase, are predicted by every noun regardless 

of its syntactic role. 

Due to the secondary role played by the grammatical categories, an 

intersection can allow a multiple choice of categories. If a subject pre- 

diction is fulfilled by a nominative pronoun that can be either singular or 

plural, it is not necessary to preselect either alternative. Instead, the 

ambiguity "an be carried along. In the particular example no restriction 

on number need be made in the predicate head prediction. Likewise, if a 

noun immediately following a preposition can exist in more than one of the 

cases that the preposition can govern, there is no need to assume arbitrarily 

that any one case is the correct one. 

A reference to the grammatical unit that initiated a fulfilled pre- 

diction is also included in word 9 of the accepted Russian word« The three- 

digit number located to the left of the syntactic role is identical to the 

last three digits of the text serial number of the Russian word which 

initiated the prediction. In this manner, when a sentence is analyzed, not 

only is a syntactic role assigned to every word, but a linkage to the word 

initiating the prediction is established. To continue with the same example, 

if the word following the noun subject is a genitive noun, the text number 

of the noun subject is attached to the syntactic role of the genitive noun, 

and the noun complement can then be identified as dependent on the subject. 

i 
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B. Prediction Span Indicators 

Not all predictions In the pool are of equal importance. Whereas, 

on the one hand, it would be difficult to justify the analysis of a sentence 

without an indication of a predicatej on the other hand, a sentence with no 

subordinate clause would be perfectly acceptable. To provide a relative 

level of importance among the predictions, a prediction span indicator (PSI) 

is assigned to every prediction in the pool. The PSI indicates (l) how long 

the prediction can remain in the pool before it must be wiped, (2) whether 

or not the prediction must be fulfilled for the analysis to be considered 

successful, (3) if the prediction is mutually exclusive with adjoining pre- 

dictions (i.e., only one prediction from a set of mutually exclusive 

predictions can be fulfilled), and (4-) whether or not the prediction should 

I        be tested at a given time. 

The PSI can take on any value between 00 and 99» Any PSI with the 

value equal to or greater than 50 is considered inactive .nd cannot be 

tested. It is otherwise identical to its'active counterpart with a PSI less 

than 50. Each prediction iij a-set of mutually exclusive predictions is 

indicated with a PSI of between 20 and 29 (or, inactively, between 70 and 

79). The basic predictions presently used are: 

00 - the prediction must be fulfilled by the next word in sequence 
or not at all; 

01 - the prediction must be fulfilled during the analysis of the 
sentence; 

02 - the prediction can be fulfilled more than once and is not to 
be wiped when fulfilled; 

03 - the prediction may be fulfilled at any time but need not 
necessarily be fulfilled. 
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Only sentinels are listed with 02 PSI; all ordinary predictions belong to 

the other three basic types. 

G. Infinity and Arbitrary Choice 

In any scheme of automatic syntactic analysis a method must exist 

to handle words which are not predicted. This class of words can be 

subdivided into two categories: those that should be predicted and those 

that cannot be predicted. 

A number of words and other forms exist that either can never be 

predicted or can be predicted only occasionally. E:;amples of such words 

and forms are adverbs, prepositions, and commas. Adverbs occur both to 

the left and to the right of the words that they modify. In a left-to-right 

pass, adverbs are predicted only if they occur to the right of the words 

they modify. An adverb preceding an adjective or a verb usually gives no 

clue about the following structure. Thus, there is no information to be 

gained by having the adverb fulfill a prediction in the pool. Likewise, 

it is a difficult matter at best to link a prepositional phrase to the word 

it modifies even if the phrase follows immediately after the word. A comma 

is even worse in this respect since its position in a sentence is unpre- 

dictable. However, it is true that if two commas are used to isolate some 

structure in a sentence, the second of the commas may often be predicted by 

the first. 

I 
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When a word that cannot be predicted is encountered during a testing 

cycle, it must nevertheless be accepted in some sense, subject to later 

revision. Since there is no prediction in the pool, no finite number can be 

assigned the unpredicted word to indicate the linkage. Rather, an "infinite 

number" is assigned to the unpredicted word, and in the terminology of pre- 

dictive syntactic analysis, the word is "accepted by infinity." (The 

ordinary prediction is considered a finite prediction.) 

The necessity for adopting the concept of a word accepted by infinity 

is an admission that predictive analysis cannot be completed on a single pass. 

The hoped-for result from a single pass is not necessarily a complete and 

comprehensive analysis, but rather a limited and accurate analysis without 

error, upon which the desired comprehensive analysis can be built. 

Situations arise when several intersections with the alternative 

arguments of a word both of an infinite prediction and of a finite prediction 

take place in the analysis of a single word. Since the infinite prediction 

is a weak prediction, really a statement that the analysis scheme is incomplete 

but that the analysis should not indicate an error, it is desirable that the 

stronger finite prediction be chosen whenever possible." This is accomplished 

by means of an override routine, whereby the grammatical unit of the finite 

intersection is substituted for the grammatical unit of the infinite inter- 

section in the event the infinite intersection occurred first. In the 

present program an override takes place only rarely. It occurs usually when 

a short-form adjective is homographic with an adverb (see Fart 5A). 

The infinity classification is distinct from the arbitrary choice 

classification, the only other nongrammatically oriented classification in 
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predictive analysis. A word is an arbitrary choice when it cannot fulfill 

any prediction in the pool and does not belong to a class than can occur 

more or less randomly. By definition, the arbitrary choice classification 

excludes all words that can be accepted by infinity. A word such as a noun 

that does not fulfill any prediction during a testing cycle and cannot be 

predicted by infinity is automatically assigned to arbitrary choice. 

One of the requirements for the identification and analysis of a 

complete sentence is that every word in the sentence fulfill a prediction. 

Thus a completely analyzed sentence can contain words accepted by infinity, 

but it cannot contain any words which have been labeled "arbitrary choice." 

The chain number, briefly mentioned previously, serves to indicate the 

occurrence of an arbitrary choice. The chain number is set to zero prior 

to the analysis of a new sentence. Every time an arbitrary choice is found, 

the chain number is incremented. 

D. The Program Format 

Predictive syntactic analysis has been conceived as a program 

consisting of an executive routine that performs the various bookkeeping 

duties and controls two sets of subroutines. The first set, the testers, 

correspond to the set of predictions. The second set, the predictors, 

correspond to the set of preferred arguments and syntactic roles that make 

new predictions or modify predictions already in the pool. 

Although the sentinels are considered as part of the set of pre- 

dictions, and consequently as part of the set of testers in the program, it 

is more logical to consider them as a third distinct set of subroutines. 
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The detailed logical description of the three sets of subroutines 

is given in Appendix A. The remainder of this report is devoted to a 

discussion of the operation and interaction of the various members of these 

sets. In addition to reporting on the present system, several logical errors 

in the system are pointed out and occasional suggestions to improve the 

performance of the program are included. The stress is on the improvement 

of the identification of the structures already being identified as opposed 

to the recognition of other new structures. 

3. Elementary Phrase Structures 

In predictive syntactic analysis the identification of the syntactic 

role of individual words and the identification of the phrase and clause 

structure within a sentence are carried out simultaneously. To explain the 

detailed operation of the process, it is convenient to start with the 

deepest nested phrase structures, which are the simplest, and to consider 

the other more complex structures later. 

Consider now the three most elementary phrases, the noun phrase, the 

prepositional phrase, and the numeral phrase. Only the predictions essential 

to the analysis of these phrases will be mentioned here in an effort to 

avoid unnecessary complication. For a complete picture of the operation of 

:..ne predictive analysis program, the steps should be worked out in detail 

using the rules of Appendix A. 

A. The Basic Phrase and the End-wipe Sentinel 

The most elementary phrase structure in Russian, referred to as the 

basic phrase, is the noun immediately preceded by none, one, or more than 
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one adjective, with all the words in agreement in case, number, and gender. 

Since predictive syntactic analysis proceeds from left to right, the 

syntactic role of the basic phrase is assigned to the leftmost word of the 

basic phrase. If the leftmost word is a noun, then the basic phrase consists 

of only one word; however, if it is an adjective, then the rest of the basic 

phrase must be identified before the program can return to the analysis of 

any other higher-level structure in the sentence- 

The basic phrase can be assigned any of a number of syntactic roles, 

such as subject, object, or preposition complement, which are represented 

by appropriate predictions in the pool. When such a prediction is placed 

in the pool no indication is given of what the structure of the basic phrase 

will be. Therefore, both an adjective and a noun must be capable of ful- 

filling the prediction. For the same reason a participle, a numeral, and 

a pronoun must also fulfill the prediction. (Discussion of these syntactic 

word classes will be postponed for several pages.) 

If the first word of a basic phrase is an adjective, a master pre- 

diction with a 01 PSI is made. Thus the analysis of the sentence can be 

successful only if another adjective or a noun agreeing in case, number, 

and gender with the original adjective follows. If the word that follows 

is a second adjective, a second master prediction is made, and this process 

continues until a noun fulfills the master prediction. 

To ensure that either an error is indicated or the master prediction 

is f ."filled before other less deeply nested structures are analyzed, an 

end-wipe sentinel is placed in the prediction pool immediately below the 

master prediction. If the end-wipe sentinel is reached during the testing 
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cycle before any intersection between the alternative arguments of the 

current word being tested and the predictions located above the end wipe 

has been recorded, the end wipe causes itself and all the predictions above 

it to be wiped from the pool. 

Before wiping predictions from the pool, the end-wipe sentinel 

subroutine must check to determine whether any of the alternative arguments 

of the current word can be accepted by infinity. If so, the wiping process 

does not take place. 

This wiping operation seems quite arbitrary; however, sound theo- 

retical principles have suggested this approach. A model of the Russian 

language for predictive syntactic analysis has been discussed previous- 

11 12 2 
ly. ' ' '  The model is based on the parenthetic and parenthesis-free 

notation of mathematical expressions. It has been shown that if an 

expression is well formed, a syntactic analysis of the expression will leave 

no trace in the prediction pool. That is, if the prediction pool consists 

of a certain set of predictions before the start of the analysis of the 

well-formed expression, then the prediction pool will consist of the same 

set of predictions after the analysis of the expression. On the assumption 

that the Russian language is well formed in the same sense, the same rule 

can be applied to the syntactic analysis of the natural language. Of course, 

in a Russian analysis, no explicit indication of the end of a well-formed 

expression exists, so that it is necessary to take the opposite stand: if 

the first intersection in the test of a word occurs with a prediction located 

below a set of predictions in the pool belonging to a deeper nested structure, 

the deeper nested structure is assumed to be complete. On the hypothesis 
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that the expression is well formed, no trace of the analysis of the expression 

should remain in the pool and the residue of predictions generated by the 

analysis of the expression should be wiped from the prediction pool.   A 

oheok on the inaccuracy of the hypothesis is the 01 PSI prediction.    If one 

or more are wiped from the pool in such an operation, it signifies that the 

analysis did not result in a well-formed expression and an error exists. 

The phrase noflOÖHBie aHieHHue CMCTOMH (Figure 2)    is a typical subject 

basic phrase.    The adjective no^oÖHHe fulfills the subject prediction in the 

pool.    It also fulfills the left object prediction which is farther down in 

the pool.    The second intersection is duly recorded on hindsight.    As an 

adjective, nofloÖHbie predicts a master that must be nominative, plural,  and 

can have any gender.    An end-wipe sentinel is placed under the master pre- 

diction.    The following word,  the adjective aHreHHtie, fulfills the master 

prediction and is accepted as the master of nofloöiaie.    It too predicts a 

master that must be nominative, plural,  and any gender.    This second master 

prediction is fulfilled by the noun OMCTeMH.    The analysis program determines 

that the basic phrase has been completely analyzed when the following word, 

the verb onMcuaajorcH,  is analyzed.    The end-wipe sentinels, inserted into 

the prediction pool when the master predictions were made,  are wiped without 

any indication of error. 

The second basic phrase,  the single word 3TOM (Figure 3), illustrates 

the use of the end-wipe sentinel.    When STOM is analyzed,  the topmost pre- 

diction in the pool is a preposition complement, a prediction for a basic 

i 

*   Figure 2  and all those that follow contain text material both before and 
after analysis and are bound separately with this report for ease of 
reference. Information collected in hindsight during analysis is included 
in these figures. 
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phrase governed by a preposition. 3TOM has two alternative arguments, one 

adjectival and one nominal. The first intersection Is with the adjectival 

alternative argument, so that 3TOM is selected as an adjective and the other 

intersection is noted in nindsight. The master prediction generated by the 

grammatical unit of OTOM is for a locative, singular, and masculine or neuter 

basic phrase. Once more, an end-wipe sentinel is placed below the master 

prediction. The noun pacnojiOKeHMe cannot fulfill the master prediction.; 

neither can it be accepted by infinity. The end-wipe sentinel therefore 

wipes both itself and the master prediction from the pool. Since the master 

prediction has a 01 PSI, the wipe is recorded in hindsight as an indication 

of an error. In this particular example the error is the obvious incorrect 

choice of intersections, and it can be corrected by selecting the nominal 

alternative argument of 3TOM as the preposition complement. 

The phrase rrpw 3TOM might be considered an idiom. To reduce the 

large number of idiomatic expressions that must be recognized in Russian, 

it is convenient to consider expressions idiomatic only if their syntactic 

or semantic meaning cannot be determined by an ordinary analysis. Since 

the grammatical usage of mpw QTOU  can be obtainea from ordinary syntactic- 

analysis techniques, the prepositional phrase does not qualify, in this 

sense, as a syntactic idiom. 

The third example, cpeflHwro aa MHOPO nspMOfloa aMmmryfly (Figure 4-) 

illustrates the need for the infinity test before the end wipe performs its 

role. The words of the basic phrase cpeflHwto awruiMTyfly are not contiguous; 

the adjective is modified by the prepositional phrase sa MHOPO nepMOflOB. 

The preposition is accepted by infinity and the rest of the prepositional 

phrase is analyzed before the basic phrase can be identified. 
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From the above examples the two functions of the end-wipe sentinel 

are evident. The sentinel provides a mechanism for wiping predictions that 

can no longer be fulfilled. It also provides a latent mechanism for the 

quick detection of errors by wiping predictions that must be fulfilled. The 

second function cannot be really utilized until errors are corrected during 

the analysis pass. 

Occasionally an author writes a ba^ic phrase with the noun preceding 

the  adjective and with no intervening commas. This practice was quite common 

in the 19th century as evinced by text OUU where this structure was en- 

countered in almost every sentence. In modern texts this structure is very 

rare; only one instance was discovered among the other analyzed texts; 

conpoTMBjieiwe 9TO ^ojiacHO 6yTb... (Figure 5} • Perhaps the author was trying 

to emphasize his argument in this sentence. Due to the extreme rarity of 

such structures in the modern language, no provision for handling them has 

been made in the analysis program to date. The error in the analysis of 

3TO is propagated when flOJiscHo is not selected as the predicate (see Part 5). 

A second independent error is caused by bhe selection of SHawrejtbHo as a 

verb complement rather than as an adverb (see Part J+E), 

B. The Noun Phrase and the Pronoun Phrase 

Whereas every adjective predicts a master that must be fulfilled, 

every noun predicts a noun complement that need not be fulfilled, but if it 

is to be fulfilled at all, it must be fulfilled at once. The noun complement 

prediction with a 00 PSI can be fulfilled by a genitive noun phrase. Of 

course, the noun of a noun complement basic phrase also predicts a noun 
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complement, so that this type of structure may repeat several times. The 

initial basic phrase, which fulfills some prediction other than a noun 

complementj followed by any and all noun complement basic phrases together 

constitute a noun phrase. Any other deeper nested structures that interrupt 

the analysis of these basic phrases, such as the prepositional phrase in 

Figure 4j are part of the noun phrase. 

A typical example of a noun phrase consisting of two basic phrases 

is neuaTHbie cxem  canrMMeTpoBoro flwanaaoHa (Figure 6) . After neqaTHtie cxewii 

is identified as the subject basic phrase, the noun cxeuu predicts the noun 

complement. The genitive singular alternative argument of the adjective 

caHTMMeTpoBoro fulfills the noun complement prediction and makes the subse- 

quent prediction of a genitive singular master. The noun phrase is com- 

pletely analyzed by the recognition of the noun fluanasona as the master of 

caHTKMeTpoBoro. Although this noun also makes a noun complement prediction, 

the next item in the sentence is a comma that cannot fulfill the prediction. 

Pronouns, with the exception of relative pronouns, are not treated 

as separate entities in the predictive analysis program. In the testing 

phase of the program, a pronoun can be accepted in place of an adjective or 

a noun. If the pronoun is coded adjectivally, the predictions of an adjec- 

tive are made; if it is coded nominally, the predictions of a noun are made. 

A nominal pronoun cannot be modified by preceding adjectives and it cannot 

be followed by a noun complement. The treatment of a nominal pronoun as a 

noun is presently based on the hypothesis that no harm is done in making the 

same predictions since the nominal pronoun should not be found preceded by 

modifying adjectives or followed by a noun complement, and the wrong 
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prediction should not be fulfilled..    Unfortunately, this hypothesis is not 

valid and separate categories are necessary..    OHE in the sentence ona Hwyero 

ne cKaaajia (Figure 7)  cannot have a noun complement under any circumstances., 

Hmero is really the object of the negated verb (see Part Cj . 

G.    Adjective-noun Homography 

Adjective-neun homography in Russian is not uncomrion and an appropri- 

ate method for handling the ambiguity is essential since every prediction 

that can be fulfilled by a noun can also be fulfilled by an adjective .    The 

pronoun OTO.M (Figure 3)  exhibited this ambiguity.    The homograph MHorae in 

the basic phrase imorvie äwaif^ecKMe mJiBWiB (Figure S) is more illuminating. 

As  used in the example MHome is  an adjective.    It is used as a noun in the 

counterpart example MHorae pyccKwx aBTopoB, 

The choice of homographs,  which is determined by their ordering,  can 

be based either on the statistical frequency of expectation or on fail-safe 

error indications in the subsequent analysis.    The latter basis is obviously 

preferable for the ultimate achievement of an error-free  analysis,  and 

adjective-noun homographs are appropriately ordered with the adjective 

always preceding the noun. 

Ai aujeclive predicts a master with a 01 PSI;  that is,  the master 

:;.uiL  occur.    Tc ensure  that  the  master occurs  immediately after the  adjective, 

with certain exceptions already mentioned,  an end-wipe sentinel is placed 

underneath it in the pool.    The example of Figure  3 has indicated that  the 

lack of a master results in a quick error indication in the form of a wiped 

prediction recorded in hindsight.    In contrast,  the noun makes only the weak 

i 

c 

i 
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prediction of a noun complement with a 00 PSI. If no noun complement is 

found, the prediction is wiped and no record is kept that the prediction 

ever occurred. The net result is that if the nominal choice is in error, 

no explicit indication of the error is left. 

Consider the basic phrase in Figure 8 as an example. By selecting 

the adjective before the noun, this phrase is analyzed correctly. But now 

assume that the phrase is the alternative MHorwe pyccKHx asTopoB. The 

second word, pyccKwx, cannot fulfill the master prediction of MHorae since 

there is no agreement in case and number. The master prediction is therefore 

wiped by the following end-wipe sentinel. The error is detected and can be 

corrected since the only alternative action is to consider MBOPHQ as a noun 

and predict a noun complement. 

Now consider the counterexample where the noun is selected before 

the adjective. This time the alternative phrase is analyzed correctly, 

whereas MHorwe fwaMwecKMe HEJIBHHH is the problem. If MHorne is selected as 

a noun, a noun complement prediction is placed at the top of the pool. 

$Pi3M-iecKMe cannot fulfill the noun complement prediction, the prediction is 

wiped, and the analysis proceeds to test the other predictions in the pool 

with no indication of error. If there is another prediction located farther 

down in the pool that can be fulfilled by a nominative or accusative adjec- 

tive, the program will assume that the syntax of the sentence is still being 

correctly analyzed. Only if there is no other intersection will cjMsj-mecKwe 

be labeled arbitrary choice and will an error be indicated. Note that in 

selecting a noun first the error indication is not assured but is up to 

chance. This is a highly undesirable predicamentL 
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D«    The Prepositional Phrase 

The structure of a prepositional phrase is almost identical with 

that of a noun phrase, the only difference being that the leading basic 

phrase in a prepositional phrase is preceded by a preposition.    In discussing 

the basic phrase or noun phrase, the analysis of the first word of the phrase 

was not considered but was postponed temporarily.    Similarly, the discussion 

of the intersection of the preposition will be postponed and only the analysis 

of the phrase is considered. 

Every preposition predicts that a preposition complement,  a basic 

phrase in a case governed by the preposition, must follow immediately after 

the preposition.    The 01 PSI of the preposition complement and the end-wipe 

sentinel placed immediately below the prediction present a situation identical 

to the master prediction already discussed. 

Every preposition can govern one or more cases.    This information 

is stored in word 6 of the dictionary entry of the preposition.    In the first 

example, the preposition nppt of the phrase npw paajoraojx wccjießosamxx 

(Figure 9)  can govern only the locative ease.    This is represented by the 

two P's in word 6,  one each for the singular- and the plural.    In this example 

one of the three alternative arguments for the following adjective pasjawHux 

intersects with the preposition complement prediction.    The identification 

of the following locative plural noun MccjieflosaHHHX completes the analysis 

of the phrase. 

Multiple intersections resulting in case and number ambiguities are 

represented by the examples flJi* ee ormcaHHfl (Figure 10)  and B jiioöoi; 

npen.hm.yvmv uouewr  (Figure 11).    In the former example three of the alternative 
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arguments of ee  intersect with the preposition complement prediction: 

/pronoun, adjectival, genitive,  singular/, /pronoun,  adjectival, genitive, 

plural/,  and /pronoun, nominal,  genitive,  singular/.    The first two can be 

selected simultaneously since the syntactic word class is the same,  while 

the third can be entered only in hindsight.    The subsequent master prediction 

can be fulfilled by a genitive singular or genitive plural noun.    Here 

omcaHMF is genitive singular.    In the latter example case intersections of 

the preposition complement are ambiguous, both the accusative singular and 

locative singular alternative arguments of Jiio6oii intersecting with the pre- 

diction made by B-    The second adjective npep^yisyiü agrees with only one of 

the possible cases, resolving the ambiguity. 

In both previous examples the ambiguity is finally resolved by a 

third word of the prepositional phrase.    Such ambiguities are not always 

resolved.    The analysis of the prepositional phrase E o6jiacTM  (Figure 12) 

gives two syntactic possibilities,  locative singular or accusative plural, 

i-jo cubsGfuent word in the phrase exists to resolve the ambiguity.    Unless 

bhe reader semantically analyses the context of B oÖJiacTM^  he cannot determine 

./•hether the author meant  "in the region" or "in the regions.'1    The reso- 

lution of such ambiguities  in the predictive  analysis  program is do-eixent 

on the prediction of the preposition and its iin-vage to the word It modifies. 

^.    The Numeral Phrase 

All the cardinal numerals and  ether words expressing numeric 

concepts  are treated  in a special manner because  they do  not follow the same 

rules as ordinary adjectives and nouns.    In speaking of a numeral phrase, 

only the set of words  that  are treated  in  tiie special manner  is  considered. 
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The ordinal numerals are not included in this set but are coded as ordinary- 

adjectives . A complete list of the words that fall into the set of numerals 

has been given by Magassy. 

Numerals fulfill the same predictions as ordinary nouns and adjec- 

tives. In addition, if a numeral is nominally coded, normal nominal pre- 

dictions can be made. However, if a numeral is adjectivally coded, which 

is the usual situation, a new type of master prediction, the numeral master, 

is made since the case and number of the numeral master do not always agree 

with the case and number of the numeral. Numeral masters are marked with 

an "N" instead of the normal "11"  in word 9 to distinguish them from ordinary 

masters. 

Three types of "agreement." depending on numeral type, occur between 

numerals and numeral masters:  (l) the case and number of the numeral master 

agree with the case and number of the numeral; (2) the case and r.umber of 

the numeral master do not agree with the case and number of the numeral; 

and (3) the case and number of the numeral master do not agree with the case 

an?, number of the numeral, and, in addition, the case and nurabar of the 

adjectival numeral master do not agree with the case and number of a nominal 

numeral master. In the first two cases, if the numeral master is an adjec- 

tive, the noun that completes the phrase agrees with the adjective as in an 

ordinary basic phrase. 

Due to the above-mentioned special properties, numerals are coded 

IS 
in a somewhat different manner from adjectives or nouns.   The case and 

number combinations that the numeral can govern are entered in word 8. If 

a numeral is of the first two types then the information in word $  is codec 
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in the normal "NGAGIPNGAGIP" notation; if a numeral is of the third type, 

a special "RZV" code is used. 

The numeral O^HOH in the phrase uojieKyji OflHOM äMAKOCTM (Figure 13) 

is an example of the first type. The hindsight for must numerals is 

unusually large since most numerals have adjectival and nominal homographs 

and therefore account for a large number of intersections. The alternative 

arguments of OAHOM intersect eight times with predictions in the pool; the 

first intersection is between the /numeral, adjectival, genitive, singular/ 

alternative argument and the noun complement prediction made by MOjieKyji. 

When a numeral is accepted as an adjective, the numeral predictor 

subroutine examines whether or not the numeral can have a normal agreement 

with the preferred argument of its numeral master. This test is accomplished 

in two stages. First the program checks for the ".RZV" notation. If this 

is not found, the program looks for an intersection between the preferred 

argument of the numeral and the information stored in word 8. An inter- 

section indicates that a normal numeral master should be predicted and the 

numeral is of the first type. No intersection would indicate the second 

type. In the illustrated example since the information in word 6 is identical 

to the information in word 8, the numeral has to be of the first type. The 

numeral is accepted as a genitive singular' noun complement and »MAKOCTH is 

then accepted as the genitive singular master of the noun complement. 

A second example of a numeral of the first type is illustrated by 

the numeral ^syx in the phrase B flByx craTbHX cöopHMKa (Figure LJ.) . Here 

are four multiple intersections between adjectival alternative arguments 

of flsyx and the preposition complement prediction of B. All four inter- 

sections are recorded and checked against tne agreement code in word 8. 
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Only two intersections; accusative plural and locative plural, result from 

this test, so that the ensuing numeral master can be fulfilled only by an 

accusative or locative plural numeral master. The following noun cTaTbHX 

turns out to be locative plural and the numeral master prediction is 

fulfilled. 

When the numeral predictor subroutine examines an analyzed numeral 

and no intersection exists between the preferred argument of the analyzed 

numeral and the agreement code from the dictionary entry in word 8, a numeral 

master is predicted with whatever case and number combinations that are 

listed in the agreement code. The information in the preferred argument of 

the analyzed numeral is completely disregarded. If there is no intersection 

whatsoever with the preferred argument and the agreement code, then the 

numeral is of the second type. The numeral iwrb in the phrase rwrb 

ocTpoyMHHX MareMarKKOB (Figure 15)* illustrates this type. UflTb is  accepted 

as the subject,, either singular or plural) of the sentence. The agreement 

code states that only a genitive plural master can follow the numeral. This 

genitive plural numeral master prediction is then fulfilled by the adjective 

OCTpOyMHHX. 

The numeral phrase is still incomplete since a noun is needed to 

terminate the phrase. The adjective ocTpoyMHHX predicts a second numeral 

master agreeing in case and number. Although the gender is not tested, it 

should agree also. This test is analogous to the ordinary basic phrase 

containing more than one adjective, where each adjective predicts a new 

* The verb npMnuiM in Figure 15 and the verb npraueji in Figure 20 are listed 
in the dictionary at this time only in the reflexive form. 



» 

NSF-7 1-31 
September 1961 

master until finally a noun is analyzed. In this example the phrase is 

completely analyzed after the noun MaTeMaTMKOB is accepted as the second 

numeral master of the subject. 

The numerals of the third type differ from the other types in that 

their numeral masters do not obey the simple rules of agreement. Whereas 

nominal numeral masters of the third type of numeral always appear in the 

genitive singular, adjectival numeral masters are either nominative plural 

or genitive plural. This unusual type of agreement is Indicated by the 

coding "OROOOOZVOOOO" in word 8 of the dictionary item. The single numeral 

master prediction made by such numerals is organized to accept either a 

genitive singular noun or a nominative plural or genitive plural adjective. 

If a noun fulfills the prediction, then the numeral phrase is completely 

analyzed. However, if an adjective fulfills the prediction, the adjective 

generates a new numeral master prediction that will accept either the 

genitive singular noun or another adjective in the same case and number as 

the adjective making the prediction. 

Three phrases illustrate the various combinations that are analyzed 

by the predictive analysis program. The noun JKMäKOCTM is analyzed as the 

genitive singular numeral master following the numeral in the phrase ^se 

«MflKOCTM (Figure 16) . The syntactic analyses of a genitive singular noun 

numeral master following a nominative plural adjective numeral master and 

a genitive plural adjective numeral master are illustrated by the phrases 

qerupe uepHtie KHMPM (Figure 17) and yeTtipe wepHKix KHura (Figure 18), 

respectively. 
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F. Numeral Chaining 

Another aspect of the numeral phrase poses special problems for 

automatic syntactic analysis. When a number greater than twenty is written 

out, all the numerals but the last in the sequence are written in the 

nominative case,  regardless of the syntactic usage of the set of words. 

Only the last word of the sequence is inflected in the normal manner. In 

the phrase npM CTO copon ^syx aBTOpax, CTO and copOK are written in the 

nominative case while flsyx is in the expected locative case. 

The chain numeral prediction has been adopted to handle this problem. 

As the following examples indicate, the present rules for the chain numeral 

are not completely effective. Every numeral predicts a numeral master and 

a chain numeral mutually exclusively (with a PSI between 20 and 29}» A 

■ chain numeral prediction can be fulfilled by any numeral that agrees with 

the chain numeral making the prediction in case, number, and gender, A 

chain numeral can also be accepted by infinity although, in this ease, the 

numeral must have a nominative alternative argument» A chain numeral is 

assigned a 23 PSI and the numeral master is assigned a 21 PSI. Thus if 

neither of the mutually exclusive predictions is fulfilled, the single pre- 

diction with the 21 PSI is recorded on hindsight when the set of predictions 

is wiped. The recording of a single prediction is sufficient to indicate 

the error. If one of the predictions with a 23 PSI is fulfilled, then the 

prediction with a 21 PSI is wiped, unrecorded on hindsight. 

A chain numeral can occur in one of two ways: the chain numeral is 

adjoined to a second cardinal numeral or the chain numeral is adjoined to an 

ordinal, a word that is considered an ordinary adjective rather than a numeral. 

i 
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The analysis of a chain numeral adjoined to other cardinal numerals 

has been completed without error in all the instances in the analyzed texts. 

For example, ABSCTM in the phrase flBecni TpHfln;aTb flBa tiejioseKa (Figure 19) 

fulfills the subject prediction and then predicts mutually exclusively a 

nominative chain numeral and a genitive plural numeral master. TpnimaTt. 

fulfills the chain numeral prediction and itself makes the same two pre- 

dictions, ^aa fulfills the chain numeral prediction made by TpuffJ^Tb and, 

in turn, makes another chain numeral prediction and an "RZV" numeral master 

prediction. The latter prediction is fulfilled by the genitive singular 

noun qejioBeKa. Such a numeral phrase is indistinguishable from an ordinary 

numeral phrase since the same "N" mark, which indicates numeral masters, 

erroneously Indicates a chain numeral. 

A correct analysis cannot be reached if a chain numeral phrase 

terminates in an ordinal numeral as in CTG copoK BTopoü uejioseK (Figure 20) . 

The ordinal would have to be accepted as a chain numeral for the analysis 

to succeed. However, ordinals are classified as ordinary adjectives and thus 

cannot fulfill the chain numeral prediction. This raises the question of 

whether ordinal numerals should not be considered as numerals that belong 

to regular inflected adjectival classes. The governmental properties of 

ordinal numerals are different from ordinary adjectives, as illustrated in 

Figure 20. 

* A "bug" in the dictionary lookup program does not recognize any form of 
MejioseK except the canonical form. 
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The two syntactic relationships "agreement" and "government" can be 

distinguished with reference to the question of matching. If the grammatical 

characteristics (case, number, and gender) of an adjective and noun match, 

the relationship is agreement. Otherwise, the relationship is considered 

government. Further, the two concepts can be distinguished since wherever 

agreement is mentioned, either case and number or case, number, and gender 

are tested; wherever government is mentioned, case alone is tested. This 

latter division seems more definitive and is used here. Thus the numeral 

master agrees with the numeral and the numeral does not govern the numeral 

master. The number of the numeral master is specified, even though it may- 

be plural for an adjectival numeral master and singular for a nominal numeral 

master. 

The phrase structures identified by agreement have been considered 

in Part 3 and the structures identified by government are discussed in this 

part. The prediction that is usually generated to fulfill a government 

relationship is the objectj although several others exist. Among these, the 

preposition complement and the noun complement have already been mentioned 

(Part 3). 

< 

A. The Verb Phrase 

The third simple deeply nested phrase structure recognized by the 

predictive syntactic analysis program is the verb phrase. It is somewhat 

more complex than the noun phrase or prepositional phrase since it may 

include one or both of the other two types. Both noun phrases and 
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prepositional phrases have a similar structure, adjectives and a noun 

following an initial adjective or preposition, respectively. A verb phrase 

consists of a verb that may be followed by a prepositional phrase, one or 

more objects (noun phrases), a verb master (an infinitive verb), or any 

combination of the three. The verb phrase may also consist of a verb 

followed by a clause as the object, but this structure is not identified 

in the present version of the program. In all three deeply nested phrase 

structures other words such as adverbs that modify individual words in the 

phrase are also found (see Figure 22). 

The verb master is predicted by every verb just as a noun complement 

is predicted by every noun. The object and preposition object are predicted 

only if information is present in the dictionary item of the verb to indicate 

that they are expected to occur. Examples of each of the three types of verb 

phrases are given in the two phrases CBOAMTCH K nsroTOBJieHKBO (Figure 21) 

and Tpe6yioT fljiF ceoero wayyeHMH yweHUfl BBiuncJiaTb BepoHTHocTH (Figure 22). 

A preposition object prediction of the preposition K governing the 

dative case is made by the verb CBOAMTCH. The "D9" mark in word 6 is the 

indicator of this prediction. A verb master and an instrumental agent pre- 

diction (Part 4.C) are placed underneath the preposition object prediction 

in the pool. The instrumental agent is predicted because the verb is 

reflexive. The preposition K fulfills the preposition object prediction. 

In the second example (Figure 22) , the verb Tpe6yioT predicts a 

preposition object (F^), a genitive object (P5), and a verb master. The 

preposition object predicted byrpeöyioT is OT governing the genitive case. 

The preposition ^JW which follows rpeoywr cannot fulfill the preposition 
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object prediction and, instead, is accepted by infinity. The entire prepo- 

sitional phrass AJLH cBoero nsj^emisi  yweHMH is then analyzed.  The infinitive verb 

BhnncjiaTh  then fulfills the verb master prediction of Tpeöyror and, in turn, 

predicts an accusative object (P7)• 

The present program does not make the object prediction of a verb 

mutually exclusive with the verb master prediction. Thus an object pre- 

diction remains in the pool if the verb master is fulfilled» In this 

example the noun sepoOTHOCTH fulfills both the accurative object prediction 

of BtMMCjiaTb and the genitive object prediction of Tpeöyror. The correct 

analysis is made because the accusative object wa,s predicted after the 

genitive object and therefore is higher up in the prediction pool« 

The prepositional phrase flJin CBoero wsyueHMH yMemn is an example of an 

unpredicted structure that modifies a word in a verb phrase and that is 

part of the verb phrase itself. 

The preposition object prediction can serve another purpose in 

addition to linking the prepositional phrase to a verb or participle. Since 

the preposition object prediction states not only the preposition predicted 

but also the case governed by the preposition, the preposition complement 

prediction of the preposition Is less ambiguous. In the example CTajiKMaaeTCH 

c ApyrKMM (Figure 23)   the preposition complement predicted by c Is limited 

by the "Jl" code in the 10-word item of the preceding verb only to an 

instrumental basic phrase although usually the prediction can be fulfilled 

by an instrumental, genitive, or accusative basic phrase. So far, no 

example has been found where this process resolved an actual ambiguity. 

The preposition object and object predictions are made based on 

19 
grammatical information in Die Russischen Verben ' which was coded in the 
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dictionary entries. Both a first government and a second government are 

listed in the source book although this distinction has been kept only with 

the object codes, a "P" code for the first government and an "L" code for 

the second government. At the time the coding was transcribed, no syntactic 

analysis program existed with which to verify the accuracy and the com- 

pleteness of the coding. A comprehensive verification still has not been 

20 
made, although it was r-nsidered by Plath some time ago.""  The single 

overriding problem in the coding is with the government of an accusative 

object. Sometimes, when a verb is obviously transitive, the accusative 

government is not mentioned in the reference book used. Thus the absence 

of a government code in word 6 can indicate either that the verb cannot 

govern an object or that the verb is an ordinary transitive verb. For an 

automatic syntactic analysis technique, this distinction must be made 

explicitly. 

The preposition objöct coding is not adequate at this time. The 

preposition object prediction was recently added to the analysis program 

on a limited scale. The prediction with a 00 PSI is made only by verbs. 

Thus, unless the preposition immediately follows the verb, the prediction 

is lost. In this limited manner only 12 of 614 prepositions in the analyzed 

texts were selected as preposition objects. A study of the texts has 

indicated that a total of 33 of the prepositions could be selected if the 

PSI were changed from 00 to 03 and participles also predicted preposition 

objects. This still seems to be too small a number and suggests that the 

coding information taken from Die Russischen Verben is insufficient for 

present purposes. 
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The two-character alphanumeric coding format for verbal government 

has been proven inefficient.    It is neither suitable for automatic interpre- 

tation by a computer program nor sufficiently mnemonic to assist the coder 

or reader of program output material.    The latter criticism is levied 

particularly at the preposition object codes. 

Not all the government object predictions are made in the current 

predictive analysis program.    Several analyses with missing object pre- 

dictions as in cjiyacaajne onopOM Bceu sHanHm (Figure 24-), were found.    In 

this example the  "L8M in word 8 of the dictionary entry of cjiysaipe is not 

identified and an instrumental object prediction that would be fulfilled by 

onopoM is not made. 

The relative merits of testing an adjective before or after a noun 

when an adjective-noun homograph appears have been mentioned previously 

(Part 30}.    The same problem appears in testing verb-noun and verb-adjective 

homographs against a given prediction.    In the verb-noun case the verb 

alternative argument should be tested before  the noun alternative argument 

since a verb makes predictions with 01 PSI whereas a noun does not.    The 

verb-adjective homograph is typified by BCTpewaeiu (Figure 25)  where a rare 

and dubious short-form adjective forms a homograph with a normal finite verb 

form.    Here too the verb alternative argument should be tested first, but 

on the grounds that the other possibility is so rare if existent at all as 

to be negligible.    This example actually provides a third homographic form 

since   BcxpeqaeM can also be used participially. 

( 
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B. Other Object Predictors 

A participle is a form derived from a verb and carries with it the 

government characteristics of the verb. The preposition object, verb master, 

and object predictions that are made by verbs can also be made by participles. 

The coding information that was entered into the dictionary items of the 

verbs was also entered into the participle items. At this time the coding 

is not completely utilized and a preposition object is not predicted by 

participles. Studies indicate that with the present coding only 12 of the 

614- prepositions would fulfill this prediction even if expanded to a 03 PSI. 

The participle followed by an object and followed by a verb master are 

illustrated by onpeRejimmx ncKOwe  (Figure 26) and posBQjimwie  BLmejiMTb 

(Figure 27), respectively. 

An unnecessary programming difficulty has been caused by the 

government coding. In a participial lO-word item this coding is not located 

in the same place as the equivalent coding in a verbal 10-word item. The 

reason is historical, since participles were assigned to the adjectival 

morphological class and so had different information allocated to the soaces 

assigned to verbal government coding. In the future this should be taken 

into account. The verb and adjective morphological formats should be 

correlated and uniform government coding should be given verbs and participles 

Just as verbs and participles commonly govern objects and verb 

masters, so certain normal adjectives and nouns govern objects and verb 

masters. (A new name for a verb infinitive governed by a noun, adjective, 

or adverb is needed.) The nouns that behave in this manner usually have 
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originated from verbal forms.    Such a noun is nonuTKa in the phrase nonbiTKa 

ocymecTBMTb MMCJiB (Figure 28).    The "P1?" code indicating verb master 

government is in word 8, 

The phrase of Figure 2, noflüÖHH© aHTBHHbie (mcTem,ij contained an 

adjective, no^oßHue, that was marked to predict a dative object ("PS")- 

If the object had occurred,  it would have had to precede the next word of 

the basic phrase Interrupting the analysis of the basic phrase.   Such a 

dative is illustrated in HaasaTb Ei^ejieHHMi? HSMM Kjiaoo (Figure 29)»    In this 

phrase the participle Et^ejieHHtiiT is used adjectivally as an object and 

predicts an agent (see Part ^C) prior to predicting a master.   The pronoun 

HSWK fulfills the agent prediction before the noun KJIECC fulfills the 

adjectival master nrediction. 

The objects of an adjective or of a participle used adjectivally 

must precede the master.    Therefore, whenever an adjective or participle 

used adjectivally predicts objects, the predictions are placed at the top 

of the pool.    An end-wipe sentinel follows.   (Daly then are the master pre- 

diction mid a second end-wipe sentinel placed in the pool.    In this manner 

the object predictions are fulfilled before the master prediction in the 

event of several intersections,  and if the object predictions arc not 

fulfilled the end wipe ensures that no trace of the predictions remains in 

the pool.    Once the master is fulfilled, the objects of the adjective cannot 

occur  again. 

The object-master ordering in the prediction pool is worthy of further 

consideration.    Although,   on the  one hand,   the  object must be placed  first 

since it must be fulfilled first,  on the other hand,   if the alternative 

( 
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arguments of a word fulfill both an object and the master prediction, the 

correct intersection is almost always the master. Yet, by this order in 

the pool, the object is identified and the master placed in hindsight. Two 

such intersections occur with the alternative arguments of oöjiacTM and the 

dative object prediction, and the locative, singular, and feminine master 

prediction of sa&amioü  in the phrase B sa^amiow. oöjiacTM npocTpancTBa 

(Figure 30)*. For such an occurrence, an override procedure has been 

established whereby the master intersection is chosen. Although this results 

in a correct analysis as the example illustrates, it is an ad-hoc procedure 

in the predictive analysis program. No harm results if the object inter- 

section is chosen because the master prediction has a 01 PSI, and a wiped 

01 PSI prediction is a clear error indication. Any procedure that is 

essential to the syntactic analysis of Russian will be added to the program. 

However, in an effort to provide a simple and elegant analysis technique, 

nonessential procedures such as the master-object override should be 

omitted. 

0. Agents 

The agent prediction, made concurrently with object predictions, 

may be fulfilled only by a basic phrase in the instrumental case. An agent 

noun phrase indicates the means or agent by which the action expressed by 

a verb, participle, or verbal noun is accomplished. 

* A "bug" in the experimental program appears in this and several other 
following illustrations. Some agent predictions are erroneously being 
predicted with 01 PSI. Thus, if the prediction is wiped, a record 
appears on hindsight. All agent predictions should be made with 03 PSI. 



1-4-2 NSF-7 
September 1961 

Coding to distinguish agent government from object government does 

not exist in the dictionary items, so it is necessary to interpret certain 

instrumental object codes as agent codes.    A general set of rules has been 

adopted to detect potential agent predictions fairly accurately.   Verbs that 

are reflexive and would normally (i.e., when nonreflexive)  take an accusative 

object,  participles which are passive or reflexive and would normally take 

an accusative object,  and verbal nouns  (which belong to morphological class 

N10)  which are marked to take an instrumental object are all marked by a 

program' just prior to the syntactic analysis program so that an agent can 

then be predicted.    An "114" is placed in the appropriate place in the 10-word 

item as an identifying mark. 

Three examples serve to indicate the three situations when agents 

are expected to occur.    OöjierqaeTCH CHHseHKteM (Figure 31)   is an example of 

an agent of a verb.    The following two phrases,  aanojiHeHHtix flM3JieKTpMK0M 

(Figure 32)  and aanojmeHMe BojiHOBOfla flMSJieKTpMKOM (Figure 33),  are examples 

of an agent governed by a participle and governed by a verbal noun, 

respectively. 

Although the analysis of agents usually works quite well, errors 

appear on rare occasions.    One error is represented by CTaHOBMTCp npaKTwecKM 

oflHopo^HOK (Figure 34), where an agent is predicted because the present 

program does not distinguish the copulative verbs like CTEHOBOTCR which take 

an instrumental object but not an agent.    The only exception is the copulative 

verb 6yTb (see Part 41),  the forms of which are distinctly marked and are 

recognized by the program.    Another error which appears  in the pnrase 

7 
*    This program is described in detail by Isenberg. 

i 

i 
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HasBiBaeMoro KOMaHfloß (Figure 35)  is due to a legitimate double intersection. 

The participle HaatiBaeMoro takes both an instrumental object and an agent 

as indicated by the "P4.', and "RV in word 8.    The object and the agent of 

such participles can often be distinguished because the agent would be 

expected to be animate.    The present tests do not provide for such 

sophiaticated details. 

In passive constructions an agent represents the logical subject of 

the action, and in such cases would appear as the formal subject if the 

construction were transformed into an active one.   However, it is also 

possible to have agents (of means) in active constructions such as in 

OH peateT xjie6 HOJKOM.   The relation of verb to agent and verb to object are 

quit© different with appropriate differences in translation. 

D.   The Verb Byrb 

The various forms of the verb 6yTb have been assigned to a unique 

olaßs to facilitate the identification of verb phrases containing a form of 

6yTb.   Every fora. of ßyrb predicts a verb master as does any other verb. 

In addition, öyrb can govern a verb complement^, namely a short-form adjective, 

and either a nominative or instrumental object.    The three predictions of 

a verb master,  object, and verb complement are made mutually exclusively and 

the object prediction has a 21 PSI.   Examples of each type of verb phrase 

containing a form of byrb are provided by dy^er HaxcflMTbCfl (Figure 36), 

6LUIO nojioKeno  (Figure 37), ecTb a;Ba Aomiaga (Figure 38),  and 6yTb cxyfleHTOM 

(Figure 39).    Haxo^Tbcfl is the verb master, nojioxeHo is the verb complement, 

ABR ^OKJiafla is the nominative object basic phrase,   and cxyfleHTOM is the 

instrumental object. 
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In Russian,  as in English with the verb "to be," 6yTB can be followed 

by a predicate adjective,  that is,  an ordinary long-form adjective not 

followed by a noun.    This occurrence is not taken into account at this time 

and the master prediction made by such an adjective is marked in hindsight 

when it is wiped,  as in the phrase UOMBT 6yTb cmenh HJIOXPIM (Figure A1-1) •    If 

an adjective fulfills an object prediction that was generated by a form of 

Cyrh, the master prediction made by the adjective should be given a 03 PSI. 

iä.    Adverbs and Negated Verbs 

Adverbial forms are very difficult to predict since there are no 

grammatical characteristics such as person,  number,  and gender that can be 

used to help in the analysis.    Also, an adverb usually precedes the word 

modified and,  of course, presents a situation that is difficult to handle 

in the left-to-right predictive syntactic analysis program.    Because of these 

problems adverbs are currently accepted by infinity whenever they occur. 

Adverbial forms are often homographic with conjunctions, prepo- 

sitions,  and short-form adjectives.    Since short-form adjectives can be 

accepted only by a finite prediction, they will always take precedence over 

the infinite adverb intersection by means of the override.    Prepositions, 

however, are usually accepted by infinity and thus with adverb-preposition 

homographs there is a problem of choosing which intersection to make first 

since both intersections occur witn the same prediction.    The same argument 

is used here as with the adjective-noun homograph and the noun-verb homograph; 

the preposition intersection should always precede the adverb intersection. 

The preposition makes  a preposition complement prediction with a 01 PSI, 

whereas  the adverb makes no such strong prediction,  and  usually makes no 
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prediction at all.    Conjunctions are also accepted by infinity,  and since 

they activate several predictions with 01 PSI (see Fart 6), they should be 

accepted before adverbs. 

The difficulties involved in a preposition-adverb homograph are made 

clear in the phrase OKOJIO flsa^uaTM Hay^HO-MCCjieflOBaTejibCKMX opraHKaau^ß 

(Figure Al).    In this phrase a seemingly correct syntactic analysis can be 

reached with either interpretation of OKOJIO.    The possible analysis of a 

preposition complement following OKOJIO suggests that the preposition homo- 

graph should be selected.    Of the instances of such homography observed in 

the analyzed texts,  the correct choice has almost invariably been the 

preposition homograph. 

With the adverb syntactic role relegated to the least desirable one, 

the analysis technique is subject to error whenever the adverbial homograph 

is indeed the correct one to be selected.    The sentence ^opMajibHO^   ecjm 

saflaBETBCH.. .TOUHO ran see npoTeKajoT  ... (Figure 4-2)  contains two such errors. 

The first word   $opMajibHO is assigned the role of predicate head rather than 

the role of an adverb.    This error is difficult to detect because such a 

predicate head often does not have an explicit subject  (see Part 5).    A 

second similar error occurs with TOWHO which is selected as a conjunction 

rather than an adverb.    The verb npoTeKaror, which fulfills the predicate 

head prediction of the supposed subordinate clause introduced by TOWHO, 

actually should fulfill the main clause predicate head prediction previously 

fulfilled by $opMajib!ro. 

Predictions are currently made by adverbs fulfilling several familiar 

roles:    a negative  (ne and HM,  although the latter is not recognized as a 
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negative at this time), a comparative^ and a subset of the latter, a com- 

parative used as a predicate. The adverb a£ a comparative predicate is 

mentioned in Part 5 and as an ordinary comparative in Part 8. 

If a verb normally governing an accusative object is negated by an 

immediately preceding negative adverb, the verb can govern either a genitive 

object or an accusative object, although not both together. Since the 

negative adverb occurs before the verb and the object occurs after the verb, 

it is necessary to transmit the information from negative adverb to verb to 

object. 

A negative adverb is accepted by infinity as any other adverb. It 

makes a special negative prediction that can be fulfilled by a verb, 

participle, or negated adverb, which is just another adverb following ne• 

If the negative prediction is fulfilled by a verb or participle, a distinctive 

mark, an "N" in character position 10 of word 8, is entered into the 10-word 

item of the verb or participle. The testing process then continues but the 

intersection with the negative prediction is not recorded. Thus the verb 

or participle can fulfill its normal prediction. When the object predictions 

of the accepted verb or participle are made, the "N" is tested for, and if 

present, the genitive object prediction is made. 

The process is best described by considering an example such as the 

pair of sentences; waTeMarHK He xoxeji BMfleTB OTBerbi (Figure 44J and 

uaxeMaTMK He XOTGJI BM^eTb oTBeTOB (Figure 45) ■ MarewaTOK is identified as 

the subject of the sentence, after which ae is accepted by infinity as a 

* In typing these two sentences in text % ,  Bi^eTb was misspelled BMfleT, 
resulting in an incorrect dictionary output. 

i 
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negative adverb.    A negative prediction is placed at the top of the new 

prediction pool.    This prediction is fulfilled by the following word,  the 

verb xoTeji.    The negative subroutine places an "N" in word 8 of the lO-word 

item of. JCOTSJI but does not register a success.    Instead, the analysis proceeds 

■iB if there had been no intersection.   Xoreji finally fulfills the predicate 

head prediction and is marked as the predicate of the sentence.    From the 

grammatical unit of xoTeji, a genitive object {nT5" in word 5), an end-wipe 

sentinel and a verb master marked with an "N" in the grammar word are pre- 

dicted.    The "N" is placed in the grammar word if an "N" exists in character 

position 10 of word 8. 

The following word, BMfleTb? is an infinitive verb that fulfills the 

verb master prediction after the object prediction has been wiped.    BH^eTb 

normally predicts an accusative object ("P3")'    A genitive or accusative 

object prediction is made instead when the "K" in the grammar word is tested. 

In the former example the accusative oTBeTH and in the latter example the 

genitive oTBeroB fulfill the genitive or accusative object prediction. 

■The accusative-genitive ambiguity is illustrated by the sentence 

OHa ne xoTejia wrrarh KHmri  (Figure -45) •    The reader does not know whether 

"she did not want to read the book" or whether "she did not want to read 

books" unless the context of the sentence is known.    The wiped genitive 

object prediction in this illustration is due to the  "Pfj" coding in the 

10-word item of xorejia „    The same error occurred in the example in Figure 22. 

If a negative prediction is fulfilled by a second adverb following 

1-9,   the prediction pool is updated in the normal manner and the indicator 

that & negative adverb had occurred is lost.    This is desirable since in 
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the structure:    ne + adverb + verb + object, the object cannot occur In the 

genitive case unless the verb normally can govern a genitive object. 

The genitive object prediction usually caused by the presence of a 

negative adverb preceding a verb together with the noun complement prediction 

often cause multiple intersections that are difficult to resolve.   A classical 

example is indicated by the sentence wraTejib He HaffreT B c6opHHKe 

ciicTewaTiwecKoro MajioseHKfl xeoprai M TexHUKM nojiocKosioc joiHKft   (Figure 46). 

After the predicate naüweT is identified, an accusative or genitive object 

prediction is placed at the top of the pool.   The locative prepositional 

phrase B cöopHMKe is then analyzed.    The noun cSopHHKe leaves a noun comple- 

ment prediction at the top of the new pool, above the genitive object pre- 

diction.   Obviously, any genitive adjective or noun can fulfill both 

predictions and a semantic resolution of the problem is required.    In the 

sentence in the example the situation is compounded since there are three 

places in the sentence where the ambiguity exists.   Either GKCTeMaTJwecKoro, 

teopror, TexHKKM, or ITOOIOCKOBBDC could be, syntactically, the object of HaM^er. 

Without a semantic analysis,  all possible translations would have to be 

given.    The resolution is obvious only to a trained human reader,  the adjec- 

tive cucTeMaTJwecKoro in this context acting as the object of He Haivter. 

The prediction pool is not normally updated after an adverb is 

identified.   Since the predictions for the word following the adverb are the 

same as the predictions when the adverb was identified,  the entire predicting 

cycle of the program is skipped.   However, since a negative adverb makes 

predictions which have to be placed at the top of the pool, the predicting 

rycle is not skipped after a ne and the pool is updated in the normal manner. 

f 
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It was only lately noted that, with the exception of the added negative pre- 

diction, the other predictions still should not be altered. The particular 

problems ensuing from this difficulty are illustrated in the sections on 

participial phrases (Part 6) and on compound structures (Part 7). The same 

argument is valid for any other type of adverbial form from which predictions 

are made. 

5. The Components of a Clause: Subject and Predicate 

Only several simple operations in the predictive syntactic analysis 

program have been used to analyze the structures described in the last two 

sections. In all cases predictions have been made and wiped but never 

modified after they had been entered in the pool. The modification of pre- 

dictions is the main additional tool utilized to analyze the main components 

of a clause, the subject and the predicate. 

Great freedom of word ordering exists in an inflected language such 

as Russian. For the analysis of any given clause, no a priori indication 

specifies whether the subject or predicate will come first. Further, the 

object, which is usually considered part of the predicate, may precede the 

predicate head, the first word of a verb phrase or short-form adjective 

phrase. To increase the effectiveness of the predictive analysis technique, 

it is highly desirable to recognize the subject, predicate, and object of 

a clause on a single pass regardless of the order in which they occur. 

One or more of these three elements might not occur in a given 

clnuse or might be implicit due to the construction of the clause. Clauses 

with missing components will be considered after a discussion of the analysis 

of clauses containing all the components. 
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A. Clauses with an Explicit Subject, Predicate Head, and Object 

Of the six possible orderings of the subject, predicate head, and 

object, four have been found among the sentences of the six analyzed texts. 

They are: 

(1) subject - predicate head - object; 

(2) predicate head - object - subject; 

(3) object - subject - predicate head; 

(4) object - predicate head - subject. 

A close look at various examples has shown that the more alternative 

arguments in the subjects and objects of clauses, the more likely the clause 

components are ordered more "normally." In a short sentence with no subject- 

object ambiguity, all six orderings are possible: H BMjRy sac, p. sac  BMxty, 

BM>Ky H BBC, BMÄy sac p,  Baa p  BH»y, and sac BKXy p. 

If the object of the clause occurs after the verb predicate head, 

the object can be identified by the ordinary object prediction generated by 

the coding in the 10-word item of the verb. However, if the object precedes 

the predicate head, a prediction must be inserted into the pool to identify 

the object. To distinguish the object prediction artificially inserted into 

the pool from the object prediction made by a verb, the former has been called 

a left object, referring to the position of the object to the left of the 

predicate head in a sentence. This prediction can be fulfilled by an 

instrumental or accusative basic phrase. For programming convenience, two 

left object predictions are put into the pool, one for each case. The order 

of the four predictions in the pool is: 

( 
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" (1) subject; 

(2) left object (Instrumental); 

(3) left object (accusative); 

(4) predicate head. 

If the predicate head prediction is fulfilled before the left object pre- 

dictions, the latter are wiped from the pool and are replaced by any object 

predictions made by the verb which has fulfilled the predicate head pre- 

diction. Only one "object" label is used by the program and the object of 

a clause is indistinguishable from any other type of object, such as, for 

sxampls, the object of a verb infinitive subject. A set of names for dis- 

tinguishing different types of object should be instituted. 

Most clauses have the subject - predicate head - object order and 

are typified by the clause MH HaxoflMM BecbMa npocTo Bbipaxenne (Figure 47)« 

■ In this example the nominal pronoun MH is selected as the subject since it 

is unambiguously nominative plural. With the identification of the subject, 

a number of constraints can be put on the predicate head which must agree 

with the subject In person, number, and gender. The grammar words of the 

predicate head prediction are modified so that only a first person, plural, 

and masculine or feminine predicate head can fulfill the prediction. The 

left object prediction cannot be altered since no new information regarding 

objects can be obtained from a subject. 

The second word, the verb naxo^mt,  is an indicative verb that 

fulfills the predicate head prediction with the limitations on personj 

number, and gender. The verb intersects with the predicate head prediction 

and is accepted as the predicate of the clause. The two left object pre- 

dictions are now wiped from the pool and the verb makes an accusative object 
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prediction based on the "P3" in word 5 of the 10-word item. Becbwa is an 

adverb and is accepted by infinity without modifying the prediction pool. 

IlpocTo if-; a short-form adjective that can be used predicatively or adverbi- 

ally. The predicate head prediction is no longer in the pool, and npocTO 

Can be accepted only as a second adverb. The following noun, Bapaxeroie, is 

then accepted as the object of the transitive verb HaxoflUM. 

The next clause, npaKTiwecKoe ocymecTBjieHKe nojiocKOBBK yajioB 

oTJUwaeTCH ÖOJIHUOü npocroToß (Figure 48), illustrates a similar order with 

an instrumental rather than an accusative object. Note that the subject 

noun phrase consists of four words, npaKTimecKoe ocymecrBJieiroe nojiocKOBtix 

yajiOB, but only the first word, the adjective npaKTHwecKoe which fulfills 

the subject prediction, is responsible for the modifications in the predicate 

head prediction. After npaKTiwecKoe is analyzed the predicate head is 

modified so that only a third person, singular, and neuter predicate can 

fulfill the prediction. 

The intersection between the alternative arguments of npaKTmecKoe 

and the subject prediction is not unique since the adjective can also 

introduce an accusative basic phrase which could be a left object. This 

second intersection is stored in hindsight. Such multiple intersections 

with the left object prediction tend to be very common and often clutter the 

hindsight. There is, however, really no alternative as occasional errors 

occur and this is the only means of recognizing them. 

• The two clauses just described indicate the necessity of initially 

predicting both an accusative and an instrumental left object. Before the 

verb is recognized, no guess can be made of which type might occur. There 
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are several verbs which govern genitive or dative objects in addition to or 

instead of accusative or instrumental objects.    A procedure for the identi- 

fication of dative objects exists  (see Part 5C), so that only the genitive 

object preceding the verb will result in an error.    The only example found 

of such an error in the analyzed texts is the sentence oHa Hiwero ne CKaasjia, 

which was illustrated in Figure 7. 

A rare verb infinitive subject is illustrated in the next clause 

flaTt B03M0ÄH0CTB ... ecTb ÖojibiiiOM mar •.. (Figure U9) •    The infinitive subject 

limits the predicate head prediction to a third person,  singular,   and neuter 

predicate.    There are two errors in the analysis of the part of the clause 

between the subject and the predicate head.    AHajraaoM is recognized as the 

agent of aaKjiwieHMF,  whereas it is  actually used as the agent of nposepMTb, 

an active construction.    The program also cannot recognize the postpositional 

adjectives cTponiM and ripocTtM.    The lack of unique object symbols is 

apparent in this clause where both BoaMOSCHOCTb and oojibmow  are called objects 

although the former is not the object of the clause. 

A large number of clauses have the object - predicate head - subject 

order,  as in npeflnexoM HacTOFmero cooömeHMp PBjipeTCp anajiHa   (Figure  50) . 

The identification of the noun npeflMeTOW as  the left object provides for the 

modification of the predicate head prediction,  so that only a predicate that 

can govern an instrumental object can be accepted.    With two mutually 

exclusive left object predictions in the pool,  the intersection with one 

wipes both from the pool.    -After the noun complement basic phrase is analyzed, 

the verb P-BJIPBTCP is tested,  providing an example of a copulative verb that 

is not recognised as such and in which an "R4." agent prediction is 
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automatically inserted. However, since in both cases an instrumental basic 

phrase fulfills the prediction and such an instrumental basic phrase has 

been identified, the verb is accepted as the predicate head. With HEJI^GTC« 

es  the predicate head, only a singular subject can fulfill the subject 

prediction. The noun aHajras fits the description and is accepted. 

Two separate left object predictions, one for the instrumental and 

one for the accusative, are not necessary. Just as multiple intersections 

can occur with object and preposition complement predictions, a combined 

instrumental-accusative left object can be used also., 

Another interesting order is shown in the clause flaeT OTseT 

CTaTHCTMqecKap TeopMH SHt^ysMM (Figure 51) where both the subject and the 

object follow the predicateo Since the predicate head prediction is ful- 

filled before either the subject or left object predictions, the left object M 

predictions are wiped, the subject prediction is modified so that only a 

third person, singular subject can be accepted, and a new accusative object 

prediction is entered into the pool-, The noun OTBer that follows the verb 

^aeT intersects with both the accusative object prediction and the modified 

subject prediction. The first intersection is with the new object prediction, 

so that "object" is chosen as the syntactic role of OTBer,, The following 

basic phrase, cTaniCTHyecKafl Teopiu^ is unambiguously nominative and can 

fulfill only the subject prediction, and in the process justifies the 

selection of OTBer as the object. 

One other example completes the description of the four orderings 

found in the analyzed texts:  cyuwapHym im-.p^Hy,,.,I/LI öy^ew aasHBaTb mpimoi: 

ncKOCLi (Figure 52). The analysis of this clause contains several errors. 

The particular combination of errors makes it seem that the analysis is I 
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• correct.    In this clause the object precedes the subject which, in turn, 

precedes the predicate.   Further complication arises because a second object 

follows the predicate. 

The analysis starts correctly with the identification of the initial 

noun phrase cyMMapnyro uMpviHy oTflejibHbix nojioc as the accusative le'ft object 

of the clause.    The subordinate clause KOTopa,q ^aeTCfl Qopw/Jiott (2.)  can be 

neglected for the purposes of the present exposition (see Part 6).    The 

predicate head prediction is modified so that only a transitive verb can 

fulfill the prediction.    After the analysis of the lef   object, the subject 

is discovered next.    MM fulfills only the subject prediction and further 

modifies the predicate head prediction whereby only a first person, plural, 

and masculine or feminine predicate can fulfill it.    The following word, the 

verb öyflCM,  erroneously contains a "P3"  (accusative object)  in word 5 and 

thus fulfills the modified predicate head prediction. 

CyMMapHyro rawpwHy is actually the object of the- verb master HaaHBaTb. 

If öy^ew did not have the  "?3" code, the analysis would fail since the 

program does not contain a mechanism to analyze a clause in which the left 

object is the object of a verb master rather than of the predicate head. 

(See the comments in Part 4- regarding Figure 22.)    The verb nasbiBaTb is 

correctly coded with both a "r3"  and a "FV to indicate that it can govern 

both an accusative and an instrumental object in one clause. 

Although in all the previous examples of predicate head identifi- 

cation indicative verbs fulfilled the predicate head prediction,  other forms 

can also fulfill this   prediction.    In the clause  öojimap qacTb craTeR 

lioci^TueH?. cracaicim (Figure 53),   a short-form adjective nocBFceHa fulfills 
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the predicate head prediction.    Such a short-form adjective can be the 

predicate head regardless of the person of the subject.    In the current 

program, however, the short-form adjective will not be accepted as the 

predicate head unless a third person predicate can be accepted.    (This 

restriction is not likely to result in any errors since in scientific texts 

the probability of finding a short-form adjective used predicatively with 

a first- or second-person subject is almost nonexistent.)    The number and 

gender of the short-form adjective must agree with the subject.    Object 

predictions are made, based on the same codes that are found in verbs.    In 

adjectival 10-word items these codes are all found in word 8. 

The short-form adjective-adverb homograph is not always used pre- 

dicatively.   Particularly, if a short-form adjective-adverb homograph 

precedes a verb,  the short-form adjective is selected as the predicate and 

there is no prediction in the pool for the indicative verb to fulfill. ' 

This problem appears in the clause coöcTBeHHo.. .npMxoflirrcw imeTb (Figure 54-) • 

CoßcTBeHHo belongs to a class of words that are either short-form neuter 

adjectives or adverbs as indicated by the -0 ending.    The predictive analysis 

program analyzes coöcTBeHHO as the short-form adjective predicate head. 

When npHXCflKTCH is analyzed,  there is no prediction for it to fulfill and 

it is marked an arbitrary choice.    This type of error is not difficult to 

detect since an indicative verb can fulfill only a predicate head prediction. 

If the prediction is not in the pool,  the intersection of the word that 

previously fulfilled the prediction is the error. 

All clauses are not analyzed so easily as those already discussed. 

For example, in #!3HKa M rexHMKa MHToptcoBajio naytteroie npouecca (Figure-55), 
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$M3MKa M rexHWKa are identified as the subjects of the clause and the second 

intersection with the left object prediction is noted in hindsight= The 

predicate head prediction is modified so that only a.plural and feminine 

predicate can fulfill the prediction. MHrepeooBajiOj however, is singular 

and neuter and cannot fulfill the predicate head or any other prediction in 

the pool. Obviously, $M3MKa M TexroiKa are the object of MHrepecoBajio, and 

nayqeHwe is the singular neuter subject desired. This type of error would 

be quite easy to correct by an error-correcting program. 

B. Clauses with Implicit or Missing Components 

A more difficult problem than the recognition of errors in the 

analysis of words in a clause is the problem of knowing when a seemingly 

essential component is either implicit in the clause or need not be present 

at all. 

The most common problem is the missing object or agent. As was 

mentioned earlier, the government coding of verbs or participles has been 

found lacking. One aspect not mentioned earlier is that there is no 

distinction between required and optional objects. With a distinctive code 

it would be possible to give 01 PSI to required objects and 03  PSI to 

optional ones. The verb npocjie^HTb in the clause npocjieflKTb sa ^BMÄeHMew 

KaKopi-jmöo  MOJieKyjiH (Figure 56) should make an object prediction with 

03 PSI, so that when the and-wipe sentinel below the object prediction wipes 

the object prediction, no mention is ir.ade in the hindsight. As the program 

stands now, the wiped object prediction represents an error in analysis. 

No attempt to look for errors indicated by wiped object predictions 

is contemplatad or would be wico until a detailed study of the object coding 

in the dictionary entries is carried out. 
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An optional object prediction in the program would assist in resolving 

both intersections of the alternative arguments of a word with a subject and 

an object prediction.    In the clause npoTeKaiox M Apyrae HEJIBHUF    (Figure 57), 

flpyrwe  is selected as the object of npoTBKajor  instead of as the subject of 

the clause.   Eventually the subject prediction is wiped and entered in the 

hindsight.    Under present circumstances if flpyrne  were selected as the subject, 

the object prediction would be marked in hindsight and the solution of the 

problem would not be obvious to the program. 

Under several circumstances the explicit subject of a clause can be 

missing.    A subject is always implicit if an impersonal,   such as MöKHO   in 

M03KHO oueroiTb yBjiMweHMG (Figure 58), is used as the predicate head«    When 

an impersonal fulfills the predicate head prediction,  the subject prediction 

is wiped from the pool with no mention made in hindsight. 

Two types of predicate heads - neuter,  singular,   short-form adjectives 

and first person,  plural,  indicative verbs - often appear without explicit 

subjects.    When nepe^wcjiMM  in the clause nepemicjiMM HecKOjibKo sa^ay 

(Figure  59)  is  analyzed,  the subject PSI is changed from 01 to 03 so that 

the analysis will be judged successful if no subject is found.    The same 

action should take place with the neuter short-form adjective predicate. 

The short-form adjectives and the ;Lmpersonals belong to very similar 

classes.    In a number of cases a word appears in the dictionary as a short- 

form adjective-impersonal homograph.    This situation is entirely unnecessary 

and the impersonal dictionary entry can be eliminated.    As an example BM^HO 

in the clause OTcnqa BMäHO   (Figure 60),  has three homographs:     a short-form 

adjective,   a parenthetic word,  and an impersonal.    The impersonal performs 

( 
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no useful function that is not attributed to the short-form adjective also^ 

so that the third entry is redundant. Parenthetic words are presently 

treated as adverbs, although in this instance the adverbial function of 

BMflHO is already stated in the short-form adjective dictionary entry. 

One last predicate form that does not take an explicit subject is 

the verb Infinitivs used as a predicate after ecjm and ^TGöH, such as 

xapaKTepwaoBaTb in the clause UTOöBI xapaKTepMsosaTb KpaTKO npKHmra (Figure 6l) 

Both BCJIM and XJTOöBI make special infinitive predicate head predictions with 

00 PSI that can be fulfilled only by verb infinitives following the con- 

junctions and separated from the conjunctions only by constructions accepted 

by infinity. If the infinitive predicate head prediction is fulfilled, the. 

ordinary subject and predicate head predictions for the clause are wiped 

from the pool. 

G. Indirect Objects 

A second special object prediction, the indirect object, is placed 

below the predicate head prediction when the subject, predicate head, and 

left object predictions are inserted in the pool. The indirect object pre- 

diction serves to identify both "datives of reference" and dative indirect 

objects. These two grammatical constructions are shown by the examples in 

Figures 62 and 64., respectively. 

To analyze a dative of reference or a dative indirect object, the 

separate indirect object prediction is needed, since this prediction can be 

fulfilled in addition to the regular accusative or instrumental object pre- 

dictions. The indiract object prediction was" designed as a catchall for 
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all unpredicted dative basic phrases that might be considered indirect 

objects and was placed under the predicate head prediction so that it would 

not interfere with the other object predictions. Thus an intersection with 

the indirect object prediction cannot take place until every other possi- 

bility has been explored. 

This approach is erroneous as several examples will show. The 

indirect object or dative of reference should be treated in the same manner 

as the accusative or instrumental object of the clause. A left indirect 

object that is a counterpart of the left object prediction should' be intro- 

duced, located above the predicate head in the pool. If the left indirect 

object prediction is not fulfilled when the predicate is found, the pre- 

diction should be wiped from the pool with the same mechanism that wipes 

the left object prediction. After the predicate is identified, an indirect 

object prediction can be placed in the pool below any other predictions made 

by the predicate. 

The examples that follow will show the result of the present indirect 

object prediction. The proposed scheme will be discussed relative to these 

examples. 

The dative of reference which fulfills the present indirect object 

prediction would usually fulfill the left indirect object prediction under 

the proposed scheme. The clause wne KaxsTCp  (Figure 62) is typical of this 

class. The dative of reference precedes the predicate head and no subject 

of the clause is ever found. 

The identification of an indirect object is not foolproof due to 

potential multiple intersections. EH in the clause efi mm eMy öy^er 
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xojioflHo (Figure 63) can fulfill both the left object and the hypothetical 

left indirect object. The former intersection would be selected and the 

latter would be entered in hindsight since instrumental left objects are 

much more common than dative left indirect objects. Eventual recognition 

of the error would provide a mechanism for selecting the second intersection 

as the desired one. 

If the dative indirect object follows the predicate head, it usually 

precedes the direct object. The indirect object should be predicted by the 

predicate head at the same time as the direct object. The coding in the 

dictionary for indirect objects is usually missing and an end-wipe sentinel 

intervenes between the objects predicted by the verb and the initial pool 

if the indirect object is identified. The analysis of the sentence ona 

riMuieT BMy iMCbMO (Figure 64) is typical of this action. Under present rules 

the indirect object prediction is placed below the predicate head prediction, 

such that, after the analysis of ona as the subject, the prediction pool 

would be ordered as follows: 

(1) left objects; 

(2) predicate head; 

(3) indirect object. 

The identification of the verb nwmeT as the predicate head would wipe the 

left object predictions and introduce an accusative object prediction: 

(1) object (accusative); 

(2) end wipe; 

(3) indirect object. 
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EMy cannot fulfill the object prediction which is subsequently vdped by the 

sentinel. Even though euy is then analyzed as the indirect object, there 

is no prediction left for mohuo  to fulfill. 

Under the proposed scheme the prediction pool after ona is analyzed 

would be: 

(1) left object; 

(2) left indirect object; 

(3) predicate head. 

After nMiueT is analyzed as the predicate head,  the pool would be: 

(1) object (accusative); 

(2) indirect object; 

(3) end wipe. 

Both the direct and indirect object in the pool would then be analyzed by 

the program. 

D.    Gaps in the Analysis Program 

Two common structures are not yet identified by the predictive 

syntactic analysis program:    the use of the comparative adverb as the 

predicate and the use of a complete subordinate clause as the object. 

Both these structures could be easily introduced by means of modifications 

to the existing tester subroutines. 

The former oversight is illustrated by the adverb cjioxHee  in the 

clause cMMMerpwHHe nojiocKOBue JIMHHM HecKojibKo cjiOÄHee HecMUMeTpwyHbix 

(Figure 65) •    Cjioxaee   should be accepted by the predicate head prediction 

just as a short-form adjective can be accepted.    The adverbial alternative 

intersection would be recorded in hindsight in the event of error. 
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The clause ^TO fljrwTejibHocTb noRKjimeimn KyjionivieTpoB öujia Bnöpana 

(Figure 66) can be identified as the object of the verb master OTMBTHTB. 

13 
Alt  has pointed out that ma, UTOö, moöu,  and KaK are conjunctions that 

can introduce object clauses. These conjunctions should be linked with the 

appropriate accusative object or left object predictions in the prediction 

pool when they are tested. 

6. The Identification of Clauses and Higher Phrase Structures 

To identify the individual more complex components of a sentence, 

the predictions of the grammatical constructions in the different components 

must be distinctly marked or otherwise isolated in the pool. The various 

groups of predictions are separated by the end-wipe and other sentinels that 

are described in this section. 

After the mechanism necessary to identify simple sentences has been 

indicated, the comma end-wipe sentinel will be considered- Then recognition 

of subordinate clauses and finally of higher phrase structures follows. 

A. Simple Sentences 

It is fairly easy to analyze simple sentences in predictive syntactic 

analysis. The existence of all the main components of a simple sentence can 

be hypothesized before the analysis even starts. A set of initial predictions 

for a subject, left object, predicate head, and indirect object would merely 

have to be supplemented with an end_-of-sentence prediction. The entire pre- 

diction pool would be ordered as follows (using the present indirect object 

prediction); 



1-64 NSF-7 
September 196l 

(1) subject; 

(2) left object; 

(3) predicate head; 

(4) indirect object; 

(5) end of sentence. 

The end-of-sentence prediction actually serves both as a prediction 

and as a sentinel. First, as a prediction, it can be fulfilled by a period, 

semicolon, or any other punctuation mark that signifies the end of a sentence. 

A semicolon fulfills the prediction since in Russian it usually links 

syntactically independent complete sentences which the author wishes to keep 

together. Secondly, as a sentinel, the end-of-sentence prediction wipes the 

prediction pool after all the tests for intersections have been completed. 

This function has been named the end-of-sentence end wipe. If there has been 

an intersection with the end-of-sentence prediction, the sentence is complete 

and a check must be made to determine whether any predictions which have 

01 FSI still remain in the prediction pool. If any are found, they indicate 

errors which should be corrected. The present mechanism wipes all the pre- 

dictions in the pool and all those with 01 PSI are copied into hindsight. 

If there has not been an intersection with the end-of-sentence pre- 

diction, then the sentence is still incomplete. At this point the program 

determines whether the alternative arguments of the word being tested have 

intersected with any of the predictions in the pool.  If they have, the 

program proceeds to the predicting cycle; if not, then the word is an 

arbitrary choice. The prediction pool is completely wiped, all predictions 

with 01 PSI are entered in hindsight, and the chain number is incremented 

to point out this type of error. When these operations are completed, 
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control is passed to the arbitrary choice tester subroutine thus setting 

up appropriate conditions for the predicting cycle. 

In a program which could automatically correct errors, it would not 

be necessary to perform some of these operations. Arbitrary choice would 

give sufficient indication that the forward analysis should stop and that 

the steps should be retraced until the error was found. 

B. The Comma End-wipe Sentinel 

Only a small number of the sentences found in scientific texts are 

simple sentences. The vast majority of the sentences are complex; that Is, 

they have one or more subordinate clauses. For each clause in a sentence, 

a new set of subject - left object - predicate head - indirect object pre- 

dictions has to be introduced into the pool. The more clauses in a sentence, 

the more sets of predictions that must be -handled at one time« These sets 

of predictions must be kept distinct for a stable analysis to evolve. 

While the subordinate clause in the sentence CTyji, na KOTopoM OH 

cMfleji, 6hui  cjiOMan is being analyzed, the adopted nesting hypothesis allows 

none of the predictions of the main clause, remaining in the pool after 

cryji has been analyzed, to be fulfilled. Until there is an indication that 

the subordinate clause has been completely analyzed, there is no point in 

testing for the predicate of the main clause. The end-wipe sentinel does 

not help solve this problem since the scanning of the prediction pool is 

not affected by the presence of the sentinel. The end wipe does not dis- 

tinguish between the predictions of the dependent clause and the predictions 

of the independent clause. That is, whereas the end-wipe sentinel eliminates 

predictions once they can no longer be fulfilled, the sentinel is of no help 
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in inhibiting the testing of other predictions, such as the predicate head 

of the main clause, which cannot be fulfilled until the subordinate clause 

has been completely analyzed. 

Likewise, in the sentence Kor'^a ona yiwia,  OH ceji na CTyjr, after 

Kor^a has been identified as a conjunction introducing a subordinate clause, 

the prediction pool contains two identical sets of subject - left object - 

predicate head - indirect object predictions,    Ona and yuuia can fulfill both 

subject predictions and both predicate head predictions, respectively.    The 

intersection with the main clause prediction is wrong in both cases since 

the subordinate clause must be completed before the analysis returns to the 

main clause. 

To isolate sets of predictions in the pool and to inhibit the testing 

of some of these tests,  a comma end-wipe sentinel has been adopted.    This 

sentinel is inserted beneath all the other predictions for a clause.    The 

name of the sentinel implies its origin.    It has been hypothesized that 

subordinate clauses,  as well as certain types of phrases,  are isolated by 

commas from the rest of the sentence in which they occur;  and the predictions 

for a new clause or phrase can be made after a comma has been analyzed. 

Actually even simple prepositional phrases are occasionally separated from 

the rest of the sentence by commas,  as in the sentence  s^ecb wcKOMOe^   Kpoue 

cawHx npocTbix cjiy^aes,  onpe^ejifloTCK.,-.„(Figure 67). 

In Russian writing,  the rule that commas separate clauses is followed 

fairly strictly.    Sentences do occur,  however, in which the commas separating 

clauses are absent.    Only one such sentence, HOUTM BCH HacTOPma« rjiasa 

ßy^eT««* To^bKO B nocfleiHew naDarpa^e MU ^B^KM. . .(Figure 68), has been 

i 
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discovered in the analyzed texts. Whether or not such sentences are "good 

Russian" is an academic question since their solution will be necessary for 

an effective syntactic analysis scheme. When such sentences are handled 

by the predictive analysis program, the comma end wipe must be introduced 

when the new phrase or clause is detected. At that time perhaps a change 

of name of the sentinel might be in order I 

Occasionally, during a sentence analysis, it is known that a deepest 

nested phrase or clause is only partially identified and that the next word 

must belong to the same structure- At other times there are clues that 

perhaps the deepest nested phrase or clause has been completely analyzed 

and that either a new phrase or clause might start or the analysis might 

return to a less deeply nested grammatical structure that was only partially 

analyzed before the deepest nested phrase or clause started. Therefore, the 

comma end-wipe sentinel must operate in two modes, which have been named the 

continue clause mode and the end clause mode. In the continue clause mode 

the comma end wipe inhibits the testing of the predictions located below it 

in the pool. In this mode the prediction pool is scanned as if there were 

no predictions located below the sentinel. (However, the predictions below 

the comma end wipe are retained when the pool is updated.) In the end clause 

mode the sentinel behaves as an ordinary end-wipe sentinel and the predictions 

below the comma end wipe are scanned in the normal manner. 

When ona from the sentence Kor^a ona ymjia) on  ceji Ha cryji is being 

analyzed, the comma end wipe should be in the continue clause mode since 

thare is no question that the subordinate clause is currently being identi- 

fied. In contrast, when the pronoun OH located after the comma is being 

> 
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analyzed, the sentinel should be in the end clause mode. At this time the 

analysis might return to the main clause (as it does in the example), might 

continue with another deeper nested structure, or might even remain in the 

same clause. The latter two possibilities are illustrated, respectively, 

by the sentences Kor^a ona yuuia, ofle'rafl B HOBOK myße, OH ceji na cryji and 

Kor^a ona CTOpjia, xo^wjia vuiw  ßerajia, ee Kora oojiejia. 

Since the basic hypothesis for this sentinel is the assumption that, 

in Russian, commas separate certain phrases and clauses from the rest of a 

sentence, to help the analysis of these phrases and clauses, it is natural 

for the comma end wipe to be in the continue clause mode at all times except 

immediately following the recognition of a comma. The word after the comma 

should be tested with the sentinel in the end clause mode. The analysis of 

the word following a comma can then return to any previous depth of nesting. 

After that word is tested, all remaining comma end-wipe sentinels in the pool 

are returned to the continue clause mode. However, if the word after the 

com;;,a can be accepted by infinity, then the depth of nesting cannot be 

determined until after the infinite construction such as a prepositional 

phrase has been completely analyzed. 

To switch from the continue clause mode to the end clause mode and 

to provide for the analysis of an Infinite construction following the comma, 

the comma predicts another sentinel, the comma end-wipe activator, which is 

placed at the top of the new prediction pool. Thus, when the alternative 

arguments of the word following the comma are tested against the predictions, 

this sentinel is the first one encountered. The comma end-wipe activator 

subroutine temporarily suspends the testing cycle and scans the pool for 

f 
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comma end-wipe sentinels. Every one found is switched from the continue 

clause mode to the end clause mode. The comma end-wipe activator subroutine 

then tests whether or not an alternative argument of the word under test can 

be fulfilled by an infinite prediction. The subroutine checks for inter- 

sections and if there are none, the comma end-wipe activator is wiped from 

the pool. Control is then returned to the normal operations of the testing 

cycle. The change back to the continue clause mode is carried out within 

the executive routine of the predictive analysis program when the pool is 

updated. 

If the word following the comma can be fulfilled by infinity, the 

comma end-wipe activator is not wiped. Instead, it is tested during the 

analysis of every following word until a word is found that has not fulfilled 

any prediction when the comma end-wipe activator is tested. Only then is 

the comma end-wipe activator wiped from the pool and the comma end-wipe 

sentinels finally returned to the continue clause mode. While a comma end 

wipe is in the continue clause mode, a word is labeled an arbitrary choice 

if it cannot fulfill any prodiction located above the comma end wipe. If 

such an event takes place, all the predictions above the comma end wipe are 

wiped from the pool. However, all predictions below the comma end wipe 

remain unaffected. Thus, the analysis of a nested subordinate clause might 

be in error even though the analysis of the main clause can be carried out 

correctly. 

C. The Subordinate Clause 

Subordinate clauses fall into two categories, those headed by 

relative pronouns and those headed by conjunctions, called relative conjunctions 
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to emphasize the parallel with relative pronouns. If a subordinate clause 

were introduced only by a relative conjunction and the conjunction were the 

first word of the clause, the mechanism necessary to predict subordinate 

clauses would be quite simple. The comma would make three predictions: 

(1) comma end-wi.pa activator; 

(2) relative conjunction; 

(3) comma end wipe. 

If the relative conjunction prediction were fulfilled, the syntactic role 

would make the necessary subject, predicate head, and object predictions 

for the identification of the elements within the clause. 

This simple scheme is inadequate for the analysis of a subordinate 

clause with a relative pronoun or a conjunction such as JM, as in the 

sentence OH ne noMHOT, HM^BJI m on eroj where the conjunction is not the 

initial word of the subordinate clause. In the clause KOTopa.fr npramiaeTCH... 

(Figure 69) the relative pronoun KoropaH both introduces the clause and acts 

as the subject of the clause. If only the first function of KoropaF is 

identified when the relative pronoun is analyzed, then the subject of the 

clause cannot be found during the pass through the sentence. 

The following technique was adopted for the predictive analysis 

program to circumvent this difficulty,, Both a relative conjunction and a 

relative pronoun prediction are placed in the pool. Two predictions are not 

necessary. The relative conjunction and the relative pronoun can be combined 

into one prediction, qro is the only word in the dictionary at this time 

that is listed both as a relative conjunction and a relative pronoun, qro , 

although usually used as a relative conjunction as in the sentence OH cKasaji, 

4 
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WTO ona flejiajia CBOIO paöory (he said that she had been doing her work)  can 

also be used as a relative pronoun as in the sentence OH oicaaaji, yro ona 

flejiana (he said what she had been doing) . 

The subject - predicate head ~ object predictions are placed in the 

pool at the same time.    To forestall testing these predictions before the 

sxistence of a new clause has been established,  the PSI of all these pre- 

dictions are made inactive.    After the analysis of the comma,  the predictions 

to analyze subordinate clauses are ordered as follows: 

(1) comma end-wipe activator; 

(2) relative conjunction; 

(3) relative pronoun; 

(4)"(7^ subject, predicate, and objects (inactive); 

(8) comma end wipe; 

(9°'*) (miscellaneous old predictions). 

Now, if either the relative pronoun or relative conjunction pre- 

diction is fulfilled, the testing of the pool is suspended and the inactive 

predictions located below the relative pronoun are activated. If KOTopap 

of the previous example KOTopafl npMHMMaeTCP..« is analyzed, it is first 

identified as the relative pronoun and a "K" is entered in word 9 as an 

indication. A success is not recorded by this intersection, so that Koropap 

can also be selected as the subject of the clause. 

If the clause is introduced by a relative conjunction such as ecjni 

in ecjm aonojiHKTejibHoe sHaHMe,. „ (Figure 70), the relative conjunction pre- 

diction is fulfilled. A success is registered in the normal manner, and, 

of course, the activated predictions for the new clause remain in the pool 

to be analyzed during the testing of the words following the relative 

conjunction. 
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The intersection of the relative pronoun prediction with an alterna- 

tive argument can follow the identification of the syntactic role. In the 

analysis of the clause B ocHose KOTopoM jiexMT Teopun (Figure 71), the comma 

end-wipe activator sentinel is not wiped from the pool when the preposition 

B is accepted by infinity. After OCHOBC is analyzed, the prediction pool 

would have the following predictions of consequence at the top: 

(1) noun complement; 

(2) comma end-wipe activator; 

(.3) relative conjunction; 

(4-.) relative pronoun. 

KoTopoi? fulfills the noun complement prediction and its syntactic role is 

determined. The relative pronoun prediction also intersects with Koropo^. 

The inactive predictions are activated after which the testing cycle proceeds, 

No further intersections are recorded. Although the new clause has been 

positively identified, the comma end-wipe activator is still in the pool and 

is wiped only upon the analysis of the subsequent word, the verb jie*jiT. 

One last example, csoMCTBa KOToptix onpeflejiflroTCPo.,.. (Figure 72), 

illustrates a difficulty that cannot be resolved on a single left-to-right 

pass. In this clause the subject cBoferBa precedes the relative pronoun 

KOTOpbK that acts as the roun complement- cf CBoßcTBa. When csoficTBa is being 

analyzed, there is no indication that a new clause is forthcoming and no 

intersections in the pool can be found. The necessary clue exists only in 

the following word. 

Although this difficulty can be handled by use of an error-detecting 

and error-correcting mechanism, it must be pointed out that the error will 
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not be corrected if the forward analysis stops after the arbitrary choice 

hg,^ been labeled. The analysis must be allowed to proceed by some means to 

identify the existence cf ohe relative pronoun. Only then can the error- 

correcting mechanism be put into effect. Otherwise, the analysis will try 

a host of alternative analyses, none of which will be correct. 

A possible solution to this problem and the problem of analyzing a 

sentence consisting of several independent clauses separated by commas has 

been suggested. If the analysis of a comma, making the usual set of pre- 

dictions, fails to help resolve the rest of the sentence, a second analysis 

of the comma can be tried. Thus the comma must fulfill another prediction 

by infinity which is normally entered in hindsight. Such a prediction, the 

clauser, has been created, although no tests have been made of its effective- 

ness» A comma accepted as a clauser predicts the necessary subject, 

predicate head, and object predictions with active PSI. Also, if desired, 

a relative pronoun prediction which can be fulfilled after the subject or 

object predictions might also be predicted if a comma is accepted as a 

clauser. 

D. The Gerund Phrase 

The gerund phrase, like the subordinate clause, is usually isolated 

from the rest of a sentence by commas. The initial word of this phrase is 

always a gerund and can be analyzed by predicting a gerund at the same time 

as the relative conjunction and relative pronoun. A typical example of a 

gerund phrase is npespamapob B aTOMti flpyroro ajieueHTa (Figure 73) . The 

ordinary predictions made by verb? are sufficient to analyze the rest of 

the nhrase. 
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The gerund phrase and the subordinate clauses are the only structures 

predicted, surrounded by commas, with no syntactic links to the rest of the 

sentence in the present version of the program. These are therefore the only 

structures to be predicted by the comma. The first few predictions made by 

the comma in the present program are: 

(1) comma end-wipe activator; 

(2) gerund; 

(3) end wipe; 

(4-)    relative conjunction; 

(5) end wipe; 

(6) relative pronoun. 

Several end-wipe sentinels have been inserted between the predictions. Thus 

the gerund prediction is wiped if a new clause is identified and both the 

gerund and relative conjunction are wiped if the new clause contains a 

relative pronoun. 

E. Initial Predictions 

The combination of predictions for a clause with the predictions 

made by the comma provide the set of initial predictions that are inserted 

into the prediction pool before the analysis of the sentence is begun. A 

main clause must exist in every sentence. It is possible, however, that a 

sentence will start with a subordinate clause or a phrase structure. A 

prepositional phrase can be accepted by infinity but a gerund phrase must 

be predicted. The predictions made by a comma, when placed before the pre- 

dictions for the main clause, allow this type of sentence to be analyzed. 

The initial prediction pool consists of eighteen predictions: 

I 
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(1) comma end-wipe activator; 

(2) gerund; 

(3) end wipe; 

(4) relative conjunction; 

(5) end wipe; 

(6) relative pronoun; 

(10) predicate head (inactive); 

(11) indirect object (inactive); 

(12) comma end wipe; 

(13) subject; 

(14) left object (instrumental); 

(15) left object (accusative); 

(16) predicate head; (7) subject (inactive); 

(8) left object (instrurnpntal) (inactive);  (17) indirect object; 

(9) left object (accusative)(inactive);   (18) end of sentence. 

(The number of predictions would be reduced by four if the left object pre- 

dictions were combined as well as the relative conjunction and relative 

pronoun predictions.) 

If a sentence starts with the main clause, none of the first eleven 

predictions is fulfilled. They are all subsequently wiped by the comma 

end-wipe sentinel which has been put into the end clause mode by the comma 

end-wipe activator. But :'f some structure other than the main clause starts 

the sentence, the last six predictions are held in abeyance until the initial 

structure has been fully analyzed. 

F. The Participial Phrase and the Modifier 

The participial phrase and the gerund phrase differ in the predictive 

syntactic analysis technique because the participial phrase is predicted by 

a preceding noun. Subordinate clauses and other types of phrases which are 

not now syntactically linked to the rest of the sentence will eventually be 

handled by a more sophisticated version of the program. The distinction, 

at the present time, is only temporary. 
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Every noun predicts a modifier that agrees with the noun in case and 

number.    Due to the nature of the prediction pool, the later a noun occurs 

in the sentence, the closer to the top of the pool is the modifier prediction 

made by the noun.    The modifier prediction is usually fulfilled by a parti- 

ciple following a comma.    Thus the modifier prediction is initially given a 

50 PSI which mades it inactive.    The prediction is activated by the comma 

end-wipe activator at the same time that the mode of the comma end wipe is 

altered.    In this manner the modifier has a 00 PSI when the word after the 

comma is tested. 

Two participles, nouewßmmB B... and BcsHMKaioinMX a... (Figure 74), 

Illustrate the modifier prediction.    IIOMeineHHHe fulfills the modifier pre- 

diction made by the noun CTSTIM and activated by the comma between the two 

words.    Similarly, BosHMKaromwx fulfills the prediction made by the noun 

npoöjiewax and activated by the comma following the noun.    Multiple modifier 

intersections are common since every noun makes a modifier prediction.    In 

the phrase BoawiKaxiiufiiX npM..,  (Figure 75), the participle intersects with 

the modifier predictions of the nouns sazjay and cxeM.    The former intersection 

is preferred because saqau follows CXBM in the sentence.    A syntactic 

analysis  cannot distinguish the relative validity of "problem arising..." 

or "circuit arising..." although the choice is obvious to the reader. 

The present test for modifiers includes tests for case and number 

but not for gender.    This is an oversight since a true modifier must agree   • 

with its antecedent in gender.    This oversight resulted in three intersections 

between the alternative argument of HaauBaeMOi" in HaatiBaeMor KOZ;OU micna 

(Figure 76)   and  the modifier predictions in the pool.    Modifier oredictions 
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with the preceding nouns HanppKeHMF,  nocjieflosaTejibHOCTM,   and BM^e were noted. 

Of these,  only the intersection with nocjie^OBaTejibHOCTM also agreed in gender. 

The modifier prediction has accounted for the analysis of other 

nonparticipial modifiers as well.    Simple adjectival appositives can also 

fulfill the modifier prediction if they occur after a comma.    The phrase 

HeHyjKHHX fljw perMCTpaqwM curHajia (Figure 77)  is analyzed as an appositive 

to the noun UECTOT. 

The modifier prediction is troublesome when a series is being 

analyzed.    If this series consists of three or more items,  so that commas 

are used to separate  all but the last two items,  these items are selected 

as modifiers.    Sometimes the items in the series agree only in case  and 

not in number,  in which case this problem does not arise.    Thus,  the series 

$ojibra,   HoacHKij; K Kjiep (Figure 78)   cannot be analyzed  as modifiers while the 

series  $nJfbTpH    HanpaBjiemcie OTBeTbKTeJiM    mopHflmie cxewtl H T.n. (FigUre 79) 

can be  so analyzed. 

An idea for analyzing a series has been suggested but only partially 

tested.    A comma can be  accepted  as  an infinite  conjunction (always  listed 

in hindsight).    In this way a set of items separated by commas  and  agreeing 

in case can be  linked  together,  using the compound  predictions  (see Part 7). 

Until error-correcting routines are utilized,  this approach cannot be checked. 

The modifier prediction is particularly affected by words intervening 

between itself and  the preceding comma because  of its 0Ü FSI.    The modifi- 

ca+ion of the prediction pool by these intervening words results in the 

modifier prediction being wiped  from the pool.    The most  common instance  is 

when the participle  is  negated  by  the  adverb He   as in ne  scrpeqaioma^CH B 
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cjiyyae ... (Figure 80).   BcTpeyaiomaFiCH is a partlolple that should fulfill 

the modifier prediction of its antecedent rpy^HOCTb.    A solution to this 

problem would be to change the PSI to 03 and follow the modifier prediction 

with an end-wipe sentinel. 

Adjectives and participles that fulfill modifier predictions make 

the usual set of predictions even though a participle that fulfills a 

modifier prediction cannot have a master.   A distinct example of an errone- 

ously fulfilled master prediction occurs in the clause  cooTBeTCTByioinMX 

flecpTH paajnwfHfciM RajihnocTm (Figure 81).    .HBCHTM is actually the initial 

adjectival numeral in a numeral basic phrase and should fulfill the dative 

object prediction generated by  cooTBeTCTByioiuMX.   In the present analysis, 

^ecPTO is selected as the master of the participle and the dative object 

prediction is wiped from the pool in the process.    The following word 

paajimmiM is then accepted as an arbitrary choice, Indicating the error. 

For the analysis to proceed with no error indication, it would be necessary 

for the adjectival homograph of  ^ecflTM to fulfill the object prediction, 

7.    Compound Structures 

Any structure from individual words to entire clauses can be com- 

pounded,  and every such possibility must be provided for in the prediction 

pool.    Four coordinating conjunctions,  M,  mm,   a)  and HOy are presently 

recognized by the predictive analysis program.    A compound structure might 

follow any of the four conjunctions.    Such a conjunction can occur at any 

point in the analysis of a sentence and must be predicted by infinity.    The 

name infinite conjunction has been assigned for this purpose. 
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Since a compound structure can occur only following an Infinite 

conjunction, a mechanism whereby a compound prediction cannot be fulfilled 

at any other time is essential. The basic tool for the identification of 

such a structure is the inactive prediction (with a PSI greater than 4-9) • 

Every compound prediction is marked 99 PSI, which is reserved for this 

purpose only. This prediction cannot be tested until the PSI has been 

changed and the prediction activated. When an infinite conjunction is 

analyzed, a new sentinel, the 99-activator is placed at the top of the pool. 

When the 99-activator is tested, it activates all the compound predictions 

by changing the PSI from 99 to 4-9» The 99-activator is then wiped from the 

pool subject to the same restraints as the comma end-wipe activator (see 

Part 6). The compound predictions remaining in the pool after the testing 

cycle has been completed are restored to their original 99 PSI until another 

infinite conjunction is analyzed. 

In predictive syntactic analysis the compound structures are those 

segments following an infinite conjunction, and not the entire string 

including the conjunction and the segments on either side. 

Virtually every analyzed word makes some type of compound prediction. 

(Mention of the compound predictions was omitted previously in this section 

as it was felt that consideration of them would have complicated the de- 

scription of the analyses of other structures.) Compound predictions that 

can no longer be fulfilled are wiped from the pool in the normal manner. 

Thus the number of compound predictions in the pool at any time is usually 

significantly less than the number of analyzed words in a sentence. 
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I 
A. Predicting with Compounding Conjunctions 

A simple example of the compound analysis process Is illustrated 

by the phrase na HaöJiiofleHKOT H CBM^eTejibCTBax (Figure 82) .    The noun 

Ha6jiiofleHMHX is analyzed as the preposition complement.    As a noun, 

HaßjiiofleHMrac predicts  (l) a noun complement,  (2)   an inactive modifier,  and 

(3)   an agent as directed by the  "114" in word 8.    Because the syntactic role 

of the noun is preposition complement,  two additional predictions  are made: 

(4.)  a compound preposition complement in the locative case with 99 PSI and 

(.5)   an end-wipe sentinel.    The sentinel will wipe all these predictions 

that are not subsequently fulfilled. 

The following word,  the conjunction n, does not fulfill any of the 

first four predictions.    However,   Mis accepted by infinity and the end-wipe 

sentinel does not wipe the predictions.    When the prediction pool is updated, 8 

the noun complement is wiped and a 99-activator is placed at the top of the 

pool which now is ordered as follows; 

(1) 99-activator; 

(2) modifier (50 PSI); 

(3) agent; 

(4) compound preposition complement  (locative) (99 PSI),' 

(5) end  wipe; 

i6••')    (miscellaneous old predictions). 

The alternative argument of the next word, the noun CHK^eTejibCTBax, 

cannot be accepted by infinity, so that the 99-activator changes all 99 PSI 

to 4-9 PSI. The 99-activator is then wiped from the pool. The testing process 

continues and the alternative argument intersects with the now active 

compound preposition complement prediction. 

( 
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Compound prodictions of government structures are simpler than those 

of agreement structures. As was shown in the last example, the compouad 

preposition complement prediction is merely another prediction of a basic 

phrase in the same case as the preferred argument of the word making the 

prediction-, The compound singular and plural nouns in yMeHHiiHTB paaMepti M 

Eec (Figure 83) are typical. The prcblem of predictions which must agree 

in number arises since two compounded singular words are equivalent to a 

single plural word. 

A solution to this problem has been created for the c^se of compound 

subjects as in the clause OTcyTCTBMe ,. .M IIGCTOPHCTBO. . .oöecnemiBaKTCp., „ 

(Figure 84) • The analysis of oTCyTCTHwe as the subject causes the predicate 

head prediction to be modified so that only a singular neuter predicate caii 

fulfill the prediction. A compound subject prediction is also entered in 

the poolo After being activated by M, the compound subject prediction is 

fulfilled by nocTomcTBO.    It is now necessary to modify the predicate head 

prediction a second time so that a plural rather than a singular predicatj 

fulfills it. 06ecneuMBSioTCH then fulfills the romodifled ^rodicio hsud 

prediction. 

Although onl}' compound subjects have been handled ir. this mt.nn^r i,n 

to now, the change in number has to be considered in all a~;.-sezer.t  pr% .'i;tions 

The agreement between an adjective and its master is anoth.:' uKurolo  T .'- 

singular adjectives can have one plural noun master. Conversely, a olural 

adjective car; be followed by two singular compounded noun masters, althcarh. 

such cases un; rare, :everal examples have been noted. Tho fin-t in ,ta:.c.; 

is illustrated by the phrase CHMMeTpKMHoro M HecMMV.eTpi-nmoro Tirnoa (/^ -U-J oj) 

and thu second hy C!JO;I cKOpC'CTb n nojio»eHne (Figure Jo) . 
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A sentence with several interesting compounding examples is illus- 

trated in Figure 87. The word M appears four times in the sentence. The 

compound preposition complement and compound verb complement are represen- 

tative of ordinary government compounding. A third compound structure is 

the pair of compound prepositions AJIF. (The fourth use of M is considered 

in Part TB.) When the prepositions are compounded, the two prepositional 

phrases offset each other. A compound preposition is presently limited to 

a second occurrence of the identical preposition after an infinite con- 

junction. The limitation does not, however, take into account the essential 

equivalence of the prepositions B and BO and of 0, 06, and 060. Other 

prepositions may be compounded also. Prepositions should be divided into 

groups by meanings, e.g., prepositions of location such as Ha, nofl, aa, etc. 

A preposition belonging to one such group could compound with any other 

preposition of the same group. 

Other uninflected forms can also be compounded in the language. 

Compound adverbs do not exist in the program. A rarer compound structure 

that was discovered among the analyzed sentences was the compound relative 

conjunction yro in the sentence McnuraHMF noKaaajm, UTO..,, M UTO,.« 

(Figure £8). 

3. Infinite Conjunction Homography 

Several functional difficulties arise because the infinite conjunction M 

is homographic with the adverb M and also the relative conjunction M. 

When M is used adverbially as it is in the fourth instance cöoprom M 

s HacTOflmeu... (Figure 87), the word following n should not intersect with 

i 
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a compounc prediction, As an adverb, M serves as a stress on the following 

word or phrase. Particularly, since the English translation of H used as 

an infinite conjunction is usually "and," and as an adverb it is usually 

"also" or "even," the analysis progran must distinguish between the two 

homographs. 

It would be iuterefting to test whether or not an infinite conjunction 

can be identified by the intersection with a compound prsdistion by the word- 

following the infinite conjunction. The test would require that all other 

predictions be deactivated ./he:! the 99 PSI predictions are activated. If 

there are no intersection?, the analysis of the infinite conjunction is in 

error and must be corrected■ 

Such an approach would also help solve a presently ambiguous 

situation. That is, when t,.c nouns are compounded by an infinite con- 

junction they are always analyzed correctly; but when two adjectives are 

compounded in the same ..ay they ex>'  analyzed in a different manner. The 

second adjective is analyzed ar the master of the first. ysjiGE H ajieueHTOB 

(Figure £9) and TO HJIK MHOe paccromwe (Figure 90) represent the t./c 

possibilities. The ciffertint analyses result from the different predictions 

generated by nouns and t.djcctives  3y the ti...e that BJieuemoB  Is andy^ud. 

the noun complement ^r..diction made by yajioa is no longer in the ;uol and 

the compound noun cor,; lucent prn/iction is the first prediction fulfilled. 

It; contrast, the master prediction generated by To is above the compound 

preposition complement prediction .ihcu  MHoe is analyzed. The compound 

preposition complement predictiün intersection is thus listed in hindsight. 

Although the ambiguity night :<c  co.-i.üdored genuine in the latter nase, the 
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compound syntactic role «hould be preferred since it provides more infor- 

raation about the syntax of the structure. 

Such an approach to the problem would help to solve some of the 

residual object predictions. Predictions of objects of adjectives and nouns 

occur randomly in texts. These predictions are not of high priority but 

they often interfere in the analysis because of their relatively high 

position in the pool. A test whereby the word after an infinite conjunction 

could be fulfilled only by a compound prediction would counteract the effect 

of the order of the predictions in the pool. As an example in the phrase 

c jiymnep! floopoTHOCTWO M jiymnew aKpampoBKOM (Figure 91), floÖpoTHOCTbio predicts 

a dative object. The H that follows sets up the mechanism for activating 

the compound predictions- The mechanism should be strongerj only a compound 

prediction is really being looked for since H was selected as an infinite 

conjunction. As it is now, the object prediction is above the compound 

preposition complement prediction and an error in analysis is subsequently 

indicated by the arbitrary choice designation of 3KpaHMp0BK0M. 

A second prediction pool only for compound predictions has been 

considered recently in informal discussions. With two pools it would be 

necessary to update the second pool every time the first pool was updated. 

Also, compound predictions which could no longer occur would have to be 

eliminated promptly. Thus both pools would have to be treated in parallel, 

and their distinction would become completely obscured. 

If an analysis technique whereby an infinite conjunction must be 

followed by a compound construction is adopted, it is necessary to remember 

that the first adjective of a compounded pair of adjectives will not have 
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a master.    This desired result is obtained now when adjectival numerals are 

compounded since an adjectival numeral (see Part 3E)  is not recognized as a 

potential numeral master.    Thus, in the phrase OT OflHoro mm necKOJiBKnx,.. 

(.Figure 92), necKOJibKnx is recognized as only the compound preposition 

complement and not the master of oflHoro.    In the process the master pre- 

diction generated by oflnoro is wiped from the pool and recorded as an error 

in hindsight. 

The third homograph of the infinite conjunction - adverb - relative 

conjunction set necessitates still another form of analysis.    If a coordi- 

nating conjunction is used to compound two entire clauses,  the coordinating 

conjunction acts as a relative conjunction.    According to the hypothesis 

that commas separate individual clauses,  such a situation can arise only if 

the infinite conjunction immediately follows  a comma.    A test is made to 

check whether or not the initial clause has been completely fulfilled.    Since 

clauses connected by infinite conjunctions are independent,  the initial 

clause cannot be continued after the second clause is completed.    The test 

of a completely analyzed clause is that the subject and predicate of the 

clause have been identified and those predictions are no longer in the pool. 

If those predictions  cannot be found,  a relative conjunction intersection 

is possible.    Such a situation exists in the sentence ona xoTejia M^TM, 

a flpyn-ie npoflojiacajni roBOpwTfc (Figure 93) • 

Such an approach is not without inherent dangers.    A counterexample 

of the last example was not difficult to find:     the sentence B c6opHMKe 

noueHieHa TaKJKe CTaTfcF...M craibp...  (Figure 94)«    The a immediately follows 

a comma and the subject and predicate head predictions of the clause have 
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been fulfilled. M is taken to be the relative conjunction and the second 

clause is never successfully analyzed. Since no predicate head can be found, 

the analysis should be able to select M as the infinite conjunction and 

treat the second cxaTbH as the compound subject of the initial clause» 

8. Miscellaneous Constructions Analyzed by the Predictive Analysis Program 

Previously in this paper, various grammatical rules have been grouped 

into classes. Several of the rules in the program do not fit into these 

classes and will therefore be discussed separately here. 

A. The Comparative Adverb and qeu 

A comparative adverb, like a negative adverb (Part 5), can make 

predictions, since it is followed by a noun phrase or a clause. To analyze 

the construction that follows the comparative adverb, a comparative comple- 

ment is predicted. This prediction can be fulfilled by a genitive basic 

phrase, the conjunction qeu, or a comma. 

The use of the genitive basic phrase as a comparative complement is 

illustrated in the sentence BBI na TpM ro^a CTapme Moero flpyra (Figure 95) « 

The comparative adverb is used as the predicate in this sentence, a con- 

struction that the predictive analysis program does not yet recognize 

(Part 6). The same type of sentence with a verbal predicate would be OH 

6tui CTapme uoera flpyra. 

Whenever the comparative complement prediction is fulfilled by MBM, 

the analysis of the comparative complement structure can be continued 

further. A distinction has been made »hen a comma does or does not intervene 
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between ueu and the comparative adverb.    If there is no comma, it is assumed 

that the phrase following ueM is parallel to some phrase that preceded tieu. 

Thus ee no^pyra is nominative and singular, parallel to ona in the sentence 

oHa KpacwBee veu ee noflpyra (Figure 96).     Here too, the comparative adverb 

is used as the predicate.    The compound predictions are utilized to predict 

the parallel construction since the grammatical information contained in 

the compound predictions is exactly what is desired.    No attempt has been 

made to change the name of the syntactic role in word 9 and so ee noflpyra 

appears as a compound subject.    The operation to identify the parallel 

construction is carried out by placing a 99-activator (see Part 7)  at the 

top of the pool after MBM has been analyzed.    This is done only if ueu 

fulfills a comparative complement prediction. 

The intersection of a comma with a comparative complement prediction 

is meaningless and is a residue of an earlier attempt to account for the 

comma that can intervene between the comparative adverb and UBM such as 

cjiaöee, qeM..o  (Figure 97).    A MBM following a comma is presently not analyzed 

correctly.    This could be overcome by  allowing the comma to fulfill some 

other prediction that would then allow the comma to carry forward the com- 

parative complement prediction to the word after the comma.    The neu would 

then make the suitable predictions for either a parallel basic phrase or 

for an entire new clause. 

The genitive basic phrase and the qeu can both follow the comparative 

adverb in the same sentence as in the clause   ...öojiee rpy^HOCTeM,   yeM« •» 

* The "INCOMPAT EE" in the 10-word item of KpacuBee means that the stem 
KpaciiB-, stored in the dictionary, is listed as an adjective but that 
the affix -ee is  an adverbial and not an adjectival ending. 
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(Figure 98). The present analysis program can identify only one comparative 

complement. By having two separate predictions made which could be ful- 

filled independently, a structure as illustrated in Figure 98 could be 

correctly analyzed. 

B. Parenthetic Comments 

A set of sentinels has been developed to separate predictions in 

the pool which refer to different phrase and clause structures. The most 

obvious use of such sentinels is to isolate predictions of structures that 

are explicitly isolated in the sentence itself.. A pair of parentheses and 

a pair of quote signs are the most common symbols used to isolate structures. 

A pair of dashes is also commonly used in Russian. 

Since a parenthetic comment can occur anywhere in a sentence, a left 

parenthesis can be predicted only by infinity. The analysis of a left 

parenthesis precludes the continuation of the analysis of the rest of a 

sentence until a right parenthesis has been identified. This is achieved 

by predicting a right paren end wipe. This, like the end-of-sentence pre- 

diction, is a combination prediction and sentinel. Only a right parenthesis 

can fulfill the right paren end wipe, and the testing of the prediction pool 

cannot go beyond the right paren end wipe. Thus the right paren end wipe 

deters the testing of the older predictions until after the analysis of the 

right parenthesis which causes the prediction sentinel to be wiped from the 

pool. In the clause pacuer 3jieKTpi'WecKKX napaMerpos.. „B TOX (Figure 99), 

the parenthetic series (xapaKTepMcmiecKoro conpoTMBJieHMH, saTyxaKMn. K  T.IT.) 

does not interfere with the analysis. After the comma outside the parentheses, 
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the predictive analysis program tests the old predictions and identifies 

"napaMeTpoBHeoflHopoflHocTeii" as the compound noun complement of uspaMeTpoB 

or nojiocKOBbix JIMHHK, a choice that can be resolved on semantic grounds only. 

The compound noun complement is not a real word, but is the result of a 

typographical mistake where two words napawerpOB and HeoflHopoflEOcTe^ have 

been run together. This example is still the best one in the analyzed texts. 

It indicates the effect of the right paren end-wipe sentinel since the 

compound predictions from the words within the parentheses are no longer in 

the pool to intersect with the alternative arguments of the pseudoword. 

By the present program, the analysis of the structure within the 

parentheses is incomplete. The structure can exist as one of three types: 

(1) it is syntactically unrelated to the sentence (as in the example); 

(2) it can be predicted in the normal manner since it is a part of the 

sentence (as the parenthetic comments in this sentence); or (3) it is a 

complete sentence in itself. Under the present scheme if a word cannot be 

analyzed by the predictions located above the right paren end wipe, it is 

categorized as an arbitrary choice. This crude approach is adequate only 

for parenthetic structures of the first type. More commonly, the parenthetic 

structure is a participial or prepositional phrase and the parentheses are 

equivalent to a set of commas. The equivalence holds also if the parenthetic 

structure is an entire clause, either dependent or independent. This 

equivalence can be utilized to further the analysis of parenthetic con- 

structj.ons. 

The identification of parenthetic structures has been experimentally 

limited to actual parentheses. Other symbols that serve identical purposes 
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can be recognized with the same predictions. The quote signs which are 

spelled out OjjQUOTE" and '^UNQUOTE" in texts analyzed by the predictive 

analysis program (Figure 100) are one such set of symbols and the two dashes 

"--" (Figure 101} are another. The quotes are ignored in the analysis since 

they are dollar-sign items. This is a class of items which consists of 

remarks by the typists who prepare texts. A "QUOTE" and an "UNQUOTE" are 

dollar-sign items because the typist must write out the words instead of 

using the quotation-marks symbol ("). The dashes appear as missing words 

since they are considered an unknown type of punctuation mark. The dash is 

not as accurate an indicator of parenthetic remarks as the parentheses or 

quotes since it can be used for other purposes, quite often singly and not 

necessarily in pairs. 

9. The Analysis of Complete Sentences 

In the preceding discussions, the predictive syntactic analysis 

program has been dissected into minute segments which have been treated 

individually. With such an approach the analysis of entire sentences has 

been largely neglected. A number of complete sentences have been illustrated 

among the examples. Sentences with errors in their analyses appear in 

Figures 5, 7, 21, 42, 46, 49, 61, 62, 67, 87, 88, 94, 96, and 97. The types 

of error are discussed in the text. Other sentences analyzed correctly 

appear in Figures 13, 19, 38, 43, 44, 45, and 90. Both successfully and 

unsuccessfully analyzed sentences have been included to give some feeling 

of the present power and potential value of the predictive analysis program. 

The reader should be able to reproduce tha analysis of complete sentences. 
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as well as the analysis of any sentence segments from other figures, with 

the complete set of rules given in Appendix A. 

Another set of complete sentences analyzed by the program have been 

included (Figures 102-112).    These sentences, taken from texts 00H and 00K, 

are interesting examples analyzed by the existing program.    Of the eleven 

sentences,  only the three in Figures 102,  104-,   and 108 have been analyzed 

correctly.    Various errors, both automatically detected and undetected, 

exist in the analyses of the eight other sentences. 

Several of the detected errors can be corrected easily.    The wiped 

numeral master prediction originating from the subject ORVMU in the sentence 

beginning with o^mm M3 cpe^CTB..«  (Figure 103) indicates that OJ,HMM should 

have been chosen as  a nominal and not as an adjectival.    Il03T0My in the 

sentence noaTowy ocBoeHMe IIOJIOCKOBHX JIMKHK 6y^eT 03HaqaTb..0   (Figure  109) 

should have been selected as an adverb instead of as a relative conjunction. 

The wiped initial subject and predicate head predictions serve to indicate 

this error.    The error in the verb phrase HaneceH npoBOflpmew npacKOM... 

(Figure 112)  has been made  quite  clear by the wiped  object master prediction 

originating from the  adjective  npoeoaflmeß.    The adjective should have been 

selected  as  the instrumental agent of HaneceH instead of the genitive object 

of the same verb complement. 

Although two subject predictions  are wiped during the analysis of 

the sentence  oqeBKflHO,  MTO no^oOHa." «e aa^aqa BoaraKaeT...  (Figure  106) 

there is  no error in  the analysis.    The predicate head  of the  main clause, 

the short-form adjective  oqeBHflHO,  need  not have  an explicit  subject;     and 

the second subordinate clause  kor^a v.syv&m npcuecc    XMMKvecKO^ peaKmtu also 
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has no subject.    To detect that the latter clause is correct presents a 

problem. 

The sentence containing the noun phrase soiipocaM TouHoro H 

npHOJnuKeHHOro onpeflejiemK• • -  (Figure 105) contains a "borderline" error. 

This sentence raises a question as to whether H should be translated by 

"and,11  since no compound prediction was fulfilled. 

The sentence in Figure 110 contains several errors of the type 

already described here.    MnorMe is analyzed in the same manner as 

npußjiMxeHHoro in Figure 10$;  and KOTopcfö is selected as an adjectival rather 

than as a nominal,  as was OAHMM in Figure 103.    A third error in this 

sentence is the result of selecting MJIM as a relative conjunction instead 

of as an infinite conjunction.    TeopwF (word 280)  is then incorrectly 

selected as the subject of the new clause instead of the compound subject 

of the first subordinate clause.    However,  no predicate is ever found and 

this should be sufficient information to reject the analysis. 

The last two examples in Figures 107 and 111 contain errors which 

cannot be syntactically detected.    In the clause   KaKwe 6oraTtie BO3MO3KHOCTM 

MoryT upe^cTasKTb ixuiocKOBBie JIMHKM. «.   (Figure 107),  the  subject has been 

selected as the object and  the left object has been selected as the subject. 

In the verb phrase   noaBOJiHOT BO MHOPMX cjiyqaroc anaMMTejibHO yuenHUMTb 

paaMepti... (Figure 111), yueHbnmTb is selected as the verb master of cjiyyanx 

instead of the verb master of nosBOjiper- Some form of semantic analysis is 

required to resolve both these problems. 

A reader who wishes to study the analyzed texts abstracted in this 

section may obtain upon request prints of the entire texts OOH and 0CK as 

well as the four others mentioned. 
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APPENDIX A 

RULES FOR PREDICTIVE SYNTACTIC ANALISIS 

The set of graramatical rules whiuh are represented by the subroutines 

in the experimental predictive syntactic analysis program are presented in 

this appendix0 For the reader to simulate the actions of the analysis 

17 
program, he needs only these rules, the coding manual,  and a sample of 

text material that has been looked up in the Harvard Automatic Dictionary 

21 
with the continuous dictionary run program. 

The rules (and subroutines) have been divided into three categories: 

predictors, testers, and sentinels. A different format is used to describe 

each of the three categories. 

An illustration of the use of this appendix will help familiarize 

the reader with the technique.  Consider the process when a subject pre- 

diction is being tested against the alternative argument /noun, nominative, 

singular, masculine/ of a noun such as cTyflenr, the first word in a hypothe- 

tical sentence. 

The reference information for the subject tester (prediction) 

indicates that the subject prediction can be made by one of three predictor 

subroutines: initial, comma, or clauser.  The initial predictor makes two 

subject predictions, one active and one inactive, the comma predictor makes 

an inactive subject prediction, and the clauser predictor makes an active 

subject prediction. The subject prediction can be modified either by the 

verb predicate head predictor or by the adjective predicate head predictor. 

The testing criteria indicates that the subject prediction can be 

fulfilled either by a noun, adjective, participle, numeral, pronoun, or by 
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a verb infinitive. The formal definitions of these six classes can be found 

under the appropriate predictor headings (i.e., noun predictor, adjective 

predictor, etc,). If the subject prediction has been modified by either of 

the predicate head predictors there are further limitations. Then the subject 

prediction can be fulfilled by a verb only if the subject tester is modified 

to be third person, singular, and neuterj it can be fulfilled by a pronoun 

only if it is modified to be in the same person as the pronoun; and it can 

be fulfilled by any of the other four types of words only if it is modified 

to be in the third person. 

There are additional teats that must be made before the prediction 

can be fulfilled. The number must be tested where applicable, and, of course, 

the case must be nominative. Wherever appropriate the gender is also 

compared. If the predicate head has already been fulfilled (and the subject 

prediction modified) character position 3 of the second grammar word has 

been modified; likewise, if the subject must be a verb (this can only occur 

with a compound subject) character position 2 has been modified. 

No particular action outside of the normal testing cycle is required 

with this prediction. The mark to be placed in word 9 of the analyzed 

10-word item is listed as the "syntactic role mark," 

With the suggested example, the subject prediction is  fulfilled. 

CTy^enr has a nominative alternative argument. Since cryAenr is the first 

word of the hypothetical sentence the subject prediction is unmodified and 

the test for case is the only significant test. 

The testing cycle now proceeds to test the alternative arguments of 

cryfleHT against the other predictions in the pool. The syntactic role of 
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subject is given to cTyflenr in this example since the intersection Just 

described is the first one. 

After the testing cycle has been completed, new predictions are put 

into the pool. The correct predictor, with which to start making new pre- 

dictions, is indicated by the class that "fulfilled" the syntactic role, 

i.e., the noun cTy^eHT. 

The reference information for the noun predictor indicates that every 

word with an "N" in character position 1 or a "PN" in character positions 

1 and 2 of word S  of the 10-word item makes the listed predictions. Among 

the tester subroutines that can be fulfilled by nouns listed next, the 

subject tester can be found. The noun predictor subroutine may also be 

called in by a previous predictor subroutine, either a pronoun or a numeral 

predictor. 

The predictions made by the noun predictor are listed under "action 

taken," The dictionary entry of cTy^eHT does not have any object, agent, 

or verb master government marks, so that only two new predictions are made, 

a noun complement and a modifier. Any grammatical information needed to be 

stored with the noun complement and modifier testers is listed under the 

headings of the two testers, respectively. 

Since cxyneHT was chosen as the subject, after the two new predic- 

tions are made, a second predictor subroutine, the adjective-nouri subject 

predictor must be called in. 

This second predictor subroutine makes two more new predictions, a 

compound subject prediction and an end-wipe sentinel, and the new pool is 

headed by these new predictions in the order predicted: noun complement, 

modifier, compound subject, and end wipe. 
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The adjective-noun subroutine also modifies the predicate head, and 

in this particular instance marks the predicate head so that only a third 

person, singular, and masculine predicate can fulfill the prediction. Since 

CTyfleHT was not selected as the compound subject, no other action is taken. 

There are no other predictor subroutines to be called in so that the 

old prediction pool can be modified and re-inserted below the four new pre- 

dictions. The subject prediction, having been fulfilled, is wiped and all 

the remaining old predictions are appended to the four new ones. 

With the creation of a new prediction pool, the predicting cycle is 

complete and the alternative arguments of the next word in the sentence can 

be tested against the new set of predictions. 

The analysis of the noun cTyflenr is typical of the predictive syn- 

tactic analysis program. Exceptions to the procedure just outlined are 

always explicitly marked at the appropriate places. After these special 

actions are performed control returns to the ordinary testing or predicting 

cycle, again unless specifically indicated to the contrary. 
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LIST OF SUBROUTINES 

Predictors page 

Initial  1-103 

Clauser  . I-lOi^ 

Comma,  ..,,..,..«    1-105 

Noun .  I-106 

Pronoun ..........   1-107 

Adjective .  1-108 

Participle   1-109 

Verb  1-110 

Adverb  1-111 

Negative  1-112 

Negative adverb          ....... 1-112 

Numeral  ...           ....... 1-113 

Numeral master.     .  I-llij 

Preposition,  I-llij 

Gerund  1-115 

Infinite conjunction,     .     , , 1-115 

Relative conjunction,     ...       1-116 

CHEM (yew)  1-117 

Modifier  1-117 

Object  1-118 

Left object  1-119 

Indirect object      1-120 

Agent  1-120 
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LIST OF SUBROUTINES (continued) 

Noun complement . , , . 

Preposition complement. . 

Adjective-noun subject, . 

Pronoun subject . , , . 

Verb subject „ . ,. . 

Verb predicate head. . . 

Adjective predicate head . 

BIT' (6yTb) ..... 

Infinitive predicate head. 

Verb complement ,  .  , . 

Verb master ..... 

Preposition object . 

ft —tP 

Left paren,  .... 

End of sentence . 

Subject. ,...., 

Predicate head . . . . 

Infinitive predicate head. 

Master   

Numeral master .  .  .  . 

Verb master .  .  .  .  . 

Verb complement .... 

Modifier   

Object   

Testers 
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page 

,    1-121 

.    1-121 

.    1-122 

,    1-123 

.     1-121! 

.    l-12h 

.    1-125 

.    1-126 

.    1-127 

.     1-12? 

,    1-128 

1-128 

1-129 

1-129 

1-130 

1-131 

1-132 

1-133 

I-13i4 

1-135 

1-136 

1-137 

1-138 

1-139 
i 
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LIST OF SUBROUTINES (continued) 

page 

Left object  I-liiO 

Indirect object ,  I-liil 

Agent ,  I-lii2 

Noun complement  I-lil3 

Preposition complement  l-ldih 

Chain numeral.  1-lhS 

Negative    .     .     ,  I-li;6 

Comparative complement ,    . I-lii? 

Preposition object  I-lii8 

Compound preposition  I-lij.9 

Gerund  I-l50 

Relative conjunction ,  I-l5l 

Relative pronoun  1-152 

Infinity  1-153 

Arbitrary choice,     ,  I-l5^ 

End of sentence  ,     ,  1-155 

Sentinels 

End wipe  1-156 

Comma end wipe  1-157 

End-of-sentence end wipe  1-158 

(Right paren tester subroutine)  1-159 

Right paren end wipe  1-160 

Corrma end-wipe activator  I-l60 

99-activator   I-löl 
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Summary of Prediction Span Indicators (PSI) used in Experimental Predictive 

Syntactic Analysis Program 

00 

01 

02 

03 

20-23 

k9 

50-53, 70-73, 99 

The prediction must be fulfilled by the next word or 
not,at all. 

The prediction must be fulfilled during the analysis 
of the sentence. 

The prediction can be fulfilled more than once and is 
not to be wiped when fulfilled. 

The prediction may be fulfilled at any time but need 
not necessarily be fulfilled. 

Mutually exclusive predictions (otherwise identical 
to 00-03 PSI). 

Active compound prediction. 

Inactive predictions (activated by activator sentinels), 

Summary of Abbreviations 

PSI 

Cpd 

HF, 

CPx 

FWx 

T¥x 

GWx 

Prediction Span Indicator, 

compound, 

mutually exclusive. 

Character position (1 < x < 12) 

1 5 617 8 9 10 11 12 

Machine word of analyzed 10-word item (0 < x < 9), 

Machine word of unanalyzed 10-word item (0 < x < 9), 

Grammar word (as kept in experimental program) 
(l<x^3). 
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INITIAL PREDICTOil SUBROUTINE 

Assembly Address;    INITLA 

Reference Information 

Called in by the following predictor subroutines: 

1. Program initializer. 

2. End of sentence. 

Action Taken 

Predicts:    1. Comma end-wipe activator. 
2. Gerund. 
3. End wipe. 
u. Relative conjunction. 
5- End wipe. 
6. Relative pronoun. 
7. Subject  (inactive). 
8. M.E. Left object 

(instrumental)   (inactive). 
9. M.E. Left object 

(accusative)   (inactive). 
10. Predicate head (inactive) . 
11. Indirect object  (inactive). 
12. Comma end wipe  (end clause 

mode). 

Other Action: 

1. Store "IIC" in comma serial number. 

13. Subject. 
14.. M.E. Left object 

(instrumental). 
15. M.E,, Left object 

(accusative). 
16. Predicate head. 
17. Indirect object. 
18. End of sentence. 

Notes 

Predictions 1-12 are made with serial number "IIC", 

others with "III". 
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CUUSEß PREDICTOR SUBROUTINE 

Assembly Address;    GLASER 

Reference Information 

Characterized by (syntactic role mark): 

1. »/'in GP1 of FW5 and "INF GUUSER" in FW9. 

Accepted by the following tester subroutines: 

1. Infinity. 

Action Taken 

Predicts: 1. Subject. 
2. M.E. Left object (instrumental). 
3. M.E. Left object (accusative). 
4.. Predicate head. 
5. Indirect object. 
6. Comma end wipe (continue clause mode). 

Other Action: g- 

1. Before making predictions, wipe all predictions in pool 
with serial same as comma serial number. 

2. Store serial number of preferred argument in comma serial 
number. 
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COMMA PREDICTOR SUBROUTINE 

Assembly Address?    COiMAA 

Reference Information 

Characterized by (syntactic role mark),; 

1.    V in CP1 of j™5 and "INF COMMA" in FW9. 

Accepted by the following tester subroutines: 

1.    Comparative Complement. 2.    Infinity. 

1-105 

Action Taken 

Predicts; 1. Comma end-wipe activator 
2» Gerund. 
3. End wipe. 
4,o Relative conjunction. 
5. End wipe. 
6. Relative pronoun. 
7. Subject (inactive). 
8. M.E. Left object 

(instrumental)   (inactive).  - 

9. M.E. Left object 
(accusative) (inactive). 

10. Predicate head (inactive) 
11. Indirect object 

(inactive). 
12. Comma end wipe 

(end clause mode). 

Other Action: 

1. Before making predictions, wipe all predictions in pool with 
serial same as Comma Serial Number. 

2. Store serial number of preferred argument in Comma Serial 
Number. 
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NOUN PREDICTOR SUBROUTINE 

Assembly Addresss    NOUNM 

Reference Information 

Characterized by (syntactic role mark); 

1. "N" in CP1 of FS5. 

2. "PN" in CP1-2 of FW$. 

Accepted by the following tester subroutines; 

(Cpd) 1. Subject. 
2. Master. 
3. Numeral master. 

(Cpd) 4« Modifier. 
(Cpd) $. Object. 
(Cpd) 6. Left object. 

(Cpd) 7. Indirect object. 
(Cpd) 8. Agent. 
(Cpd) 9. Noun complement. 
(Cpd)ID. Preposition complement. 

Ho Comparative complement. 
12o Arbitrary choice. 

Called in by the following predictor subroutines; 

1. Pronoun (nominal). 2. Numeral (nominal). 

Action Taken 

Predicts; 1» Noun complement. 
2. Modifier (inactive). 

Call to (if not master), 

3. ObjectSj agent, and verb 
master with 03 PSI as 
directed by FW8. 

1. Adjective-noun subject A.. Left object. 
(identical with pronoun 5. Indirect object. 
subject). 6. Agent. 

2. Modifier. 1 . Noun complement. 
3. Object. 8. Preposition complement. 
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1-107 

PRONOUN PREDICTOR SUBROUTINE 

Assembly Address:    PPRONA 

Reference Information 

Characterized by (syntactic role mark): 

1.    ttP" in CP1 of FW5. 

Accepted by the following tester subroutines: 

(Gpd) 1. Subject. 
2. Master. 
3. Numeral master. 

(Gpd) A« Modifier. 
(Gpd) 5. Object. 
(Gpd) 6. Left object. 

(Gpd) 7. Indirect object. 
(Gpd) 8. Agent. 
(Gpd) 9« Noun complement. 
(Gpd) 10. Preposition complement. 

11. Comparative complement. 
12. Arbitrary choice. 

Action Taken 

Call to; 

1. Noun if "N" in CP2 of IW5, 

2. Adjective if "A»» in GP2 of FW$. 
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ADJECTIVE PREDICTOR SUBROUTINE 

Assembly Addresss    ADJAM 

Reference Information 

Characterized by (syntactic role mark); 

1, "A" in CP1 of FW5, also CP8, CP9, and CP10 of FW5< 1. 

2. "PA" in CP1-2 of FW5. 

Accepted by the following tester subroutines; 

(Cpd)    1. Subject. (Cpd)    7. Agent. 
2. Master. (Cpd)    8, Noun complement. 

(Cpd)    3. Modifier. (Cpd)    9. Preposition complement. 
(Cpd)    U' Object. 10. Comparative complement. 
(Cpd)    5' Left object. 11. Arbitrary choice. 
(Cpd)    6. Indirect object. 

Called in by the following predictor subroutines^ 

1.    Pronoun (adjectival). 

Action Taken 

Predicts:    1.    Objects, agent and 2. End wipe, 
verb master with 3. Master. 
03 PSI as directed 4-« End wipe, 
by FW8. 

Call to  (if not master); 

1. Adjective-noun subject (identical with pronoun subject). 
2. Modifier. 
3. Object. 
4., Left object. 
5. Indirect object. 
6. Agent „ 
7. Noun complement. 
8. Preposition complement. 
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1-109 

PARTICIPLE PREDICTOR SUBROUTINE 

Assembly Address:    PARTM 

Reference Information 

Characterized by (syntactic role mark): 

1.    "A" in CP1 of FW5 and > 0 in GP1Q, but not > 0 

in CP8 and CP9 of FW5. 

Accepted by the following tester subroutines; 

(Cpd)    1. Subject. 
2. Master. 

(Cpd)    3. Modifier. 
(Cpd)    U' Object. 
(Cpd)    5. Left object. 
(Cpd)    6. Indirect object. 

(Cpd)    7. Agent. 
(Cpd)    8. Noun complement. 
(Cpd)    9. Preposition complement. 

10. Negative. 
11. Arbitrary choice. 

Action Taken 

Predicts:    1.    Objects (unless instrumental) as directed by FffS, 
If "N"  in CP10 of FW8 and accusative object predicted, 
predict Instead combined genitive-accusative object. 

2.    End wipe• 
3-    Verb master.    If "N"  in CP10 of FW8,  put "Nu in CP1 

of GW1. 
4..    Object  (instrumental) and agent as directed by IW8. 
5. End wipe. 
6. Master (PSI = 03) unless fulfilled verb complement. 
7. End wipe. 

Call tos 

1. Adjective-noun subject (identical with Pronoun subject) 
2. Modifier. 
3. Object. 
4.« Left object. 7.    Noun complement. 
5. Indirect object. 8.    Preposition complement. 
6. Agent. 9.    Verb complement. 

Notes 

Participle not accepted by verb complement (Cpd) at this time 
although it can "call to" verb complement. 

Should be accepted by comparative complement. 
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VERB PREDICTOR SUBROUTINE 

Assembly Äddresss    VERBM 

Reference Information 

Characterized by (syntactic role mark}s 

1.    '»¥» in CP1 of FW$. 

Accepted by the following tester subroutines; 

(Cpd) I. Subject. 
(Cpd) 2. Predicate head» 
(Cpd) 3» Infinitive predicate head« 
(Cpd) 4-° Verb mast er o 

5»   Negative. 
6. Gerund. 
7. Arbitrary choice. 

Action Taken 

Predicts; 1. Preposition object (with government coding), 

2. Object as directed by CP.5-8 of FW$ (unless instrumental). 
If preferred argument is predicate head and left object 
has been found, do not predict object of case of left 
object. If »N" in CP10 of FW8 and accusative object 
predicted., predict instead combined genitive-accusative 
objects 

3« End wipe,, 

4.,    Verb master (if "N" in CP10 of fW8, put "N" in GP1 of GW1). 

5.    Object (instrumental) and agent as directed by CP5-8 of 
FW5j unless preferred argument is predicate head and 
instrumental left object has been found0 

Other Action; 

Call to: 

If "3" in C.P.12 of FW5, go to BYT' (6yTb) without making 
any predictions. 

1. Verb subject. 
2. Verb predicate head. 
3. Infinitive predicate head. 

4.. Verb master. 
5. Gerund. 
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ADVERB PREDICTOR SUBROUTINE 

Assembly Address: ADVMA 

Rexerenee Information 

Characterized by (syntactic role mark): 

1. "H" in GP1 of FW5 and not NE (He). 

2. "A" in CP1 of FW5 and 2 or .3 in CP9 of FW5 and not > 0 
in CP10 of FW5. 

3. "A" in CP1 of FW5 and 1 in CP8 of PW5. 

Accepted by the following tester subroutines: 

1. Infinity. 

Action Taken 

Predicts; 1. Comparative complement, if CP8 of FW5 > 0. 
2. Objects, agent and verb master as directed 

by FW8. 
3. End wipe. 

Other Action: 

1, If neither predictions are made under 1 and 2, 

go to continue to avoid wiping the prediction 

pool. 
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NEGATIVE PREDICTOR SUBROUTINS 

Assembly Address?    NEGAM 

Reference Information 

Characterized by (syntactic role mark)s 

1,    NE (HB) as text word. 

Accepted by the following tester subroutines^ 

1. Infinity. 

Action Taken 

Predicts; 1. Negative. 

NEGATED ADVERB PREDICTOR SUBROUTINE 

Assembly Addresss NEGADV 

Reference Information 

Characterized by (syntactic role mark): 

1.    "Hn in CP1 of FW5. 
2 o    "A" in CP1 of FH5 and 2 or 3 in CP9 of FW5 and not > 0 

in CP1Q of FW5. 
3.    "A" in CP1 of FW5 and 1 in GPä of FW5. 

Accepted by the following tester subroutines; 

I.    Negative. 

Action Taken 

Predicts: 1. Comparative complement if CP8 of FW5 > 0. 
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NUMERAL PEEDICTOR SUBROUTINE 

Assembly Address:    NUM/W\ 

Reference Information 

Characterlaed hy (syntactic role mark): 

1.    "D" in CP1 of MS. 

Accepted by the following tester subroutines; 

(Cpd) 1. Subject. (Gpd) 8. Noun complement. 
2. Master. (Cpd) 9. Preposition complement. 

(Cpd) 3. Modifier. 10. Chain numeral. 
(Cpd) 4-. Object. 11. Comparative complement. 
(Cpd) 5. Left object. 12. Infinity (if nominative)■ 
(Cpd) 6. Indirect object. 13. Arbitrary choice. 
(Cpd) 7. Agent. 

Action Taken 

Predicts: 1. M.E. Chain numeral. 
2. M.E. Numeral master according to following conditions 

(if "A" in CP2 of FW5): 
(a) if "RZV'or if no intersection between FW6 

and FW8, put FW8 in GWl. 
(b) if intersection, put intersection in GWlj if 

genitive, predict both singular and plural. 
3. End wipe. 

Call to: 

1. If »A'1 in CP2 of FW5 and not numeral master. 

(a) Adjective-noun subject 
(identical to pronoun subject). 

(b) Modifier. 
(c) Object. 
(d) Left object. 
(e) Indirect object. 
(f) Agent. 
(g) Noun complement. 
(h) Preposition complement. 

2. If "N" in CP2 of FW5, go to noun. 
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I-ILt 

NUMERAL MASTER PREDICTOR SUBROUTINE 

Assembly Address;   KUMAST 

Reference Information 

Characterized by (syntactic role mark); 

1. "An in CP1 of FW5 and CP9 of FW5 < 1. 
2. 'lPÄn in CP1-2 of FW$. 

Accepted by the following tester subroutines: 

1. Numeral master. 

Action Taken 

Predicts; 1. Numeral master. 
(a) If "R" in CP2 of GW1, predict uRn in CP2 of 

GW1 and "Z11 in positions corresponding to 
intersections. 

(b) If not "H" in CP2 of GW1, predict normal 
intersections. 

i 

( 

PREPOSITION PREDICTOR SUBROUTINE 

Assembly Address: PREPM 

Reference Information 

Characterized by (syntactic role mark); 

1. "R" in GP1 of FW5o 

Accepted by the following tester subroutines: 

1. Compound preposition. 2. Infinity. 

Called in by the following predictor subroutines: 

1. Preposition object« 

Action Taken 

Predicts: 1. Preposition complement, 
2. Compound preposition. 

3. End wipe, 

f 
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GERUND PREDICTOR SUBROUTINE 

Assembly Address:    GERNM 

Reference Information 

Characterized by (syntactic role mark)? 

1,    "V" in GP1 of FW5 and "G" in GP9 of i¥6. 

Galled in by the following predictor subroutines: 

1.    Verb. 2.   BYT'   ( öyn} 
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Action Taken 

Predicts:    1.    Compound gerund. 2. End wipe. 

INFINITE CONJUNCTION PREDICTOR SUBROUTINE 

Assembly Address: CONJIA 

Reference Information 

Characterized by (syntactic role mark): 

1. I (K), ILI (xm),  A (a), or NO (HO). 

2. "/in CP1 of FW5 and «INF CONJ" in FW9. 

Accepted by the following tester subroutines: 

1. Infinity. 

Called in by the- following predictor subroutines: 

1. CHEM ( yew ) o 

Action Taken 

Predicts:    1.    99-Activator. 

Notes 

Comma should not fulfill INF CONJ. 

Put mark in fW5 for all INF CONJ. 
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REUT1VE CONJUNCTION PREDICTOH SUBROUTINE 

Assembly Address;    RCNJTA 

Reference Information 

Characterized by (syntactic role mark)s 

lo    "C" in CP1 of Fff:5. 

If I (M), ILI (MJDH), A (a)5 or NO (HO), check prediction 
pool for unfulfilled subject, left object, and predicate 
head predictions.. Accept only if none found. 

Accepted by the following tester subroutinesj 

1. Relative conjunctiono 

Action Taken 

Predicts^ -'l. If ESLI (ecjra) or CHTQBI (UTOöM ) as text word, 
infinitive predicate head. 

Other Actions 

lo Activate all inactive predictions (50 < PSI < 98). 
Update serial number upon activating. Also update 
serial number of top comma end wipe in pool. 

i 

Notes 

Should also check for objects of predicate head that must be 

fulfilled. Cannot do this now«, 
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CHM ( tieM) PEEDICTOR SUBfiOJTINE 

Assembly Address:    GHMM 

Reference Information 

Characterized by (syntactic role mark); 

1.    CHEM ( ^BM) as text word and "G" in CPl of FW5 

Accepted by the following tester subroutines! 

1.    Comparative complement. 

Action Taken 

Predicts:    1»    Object, if comparative complement predicted by 
adjective predicate head» 

1-117 

Call to: 

1.    Infinite conjunction, if comparative complement predicted 
by adverb. 

MODIFIER PREDICTOR SUBROUTINE 

Assembly Address:    M0DZW\ 

Reference Information 

Characterized by (syntactic role mark): 

1,    iiiiüODIPERi in FH9 ■ 

Called in by the following predictor subroutines: 

1«    Noun« 
2.   Adjective. 

3=    Participle. 
4. o    Numeral. 

Action Taken 

Predicts;    1. Compound modifier (in same case and number). 
2. End wipe. 
3a Comma end wipe in continue clause mode. 
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OBJECT PREDICTOR SUBROUTINE 

Assembly Address:    QBJMA 

Reference Information 

Characterized by (syntactic role mark): 

1. iiiiiOBJECTL in JW9. 

Called in by the following predictor subroutines: 

1. Noun. 3, Participle. 
2. Adjective. 4, Numeral. 

Action Taken 

Predicts:    1.    Compound object with same case(s)  as object. 

2.    End wipe. 

Notes 

This predictor routine also takes care of the following 1 
other predictor routines: | 

(a) Left object. 

(b) Indirect object. 

(c) Agent. 

(d) Noun complement. 

(e) Preposition complement. 
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LEFT OBJECT PREDICTOR SUBROUTINE 

Assembly Address:    LOBJTA 

Reference Information 

Characterized by (syntactic role mark): 

1.    iiiiiLAOBJAi in M9. 

Galled in by the following predictor subroutines: 

1. Noun. 3.    Participle. 
2. Adjective. 4,    Numeral. 

Action Taken 

Predicts:    1.    Compound left object with same case(s)  as 
left object. 

.2.    End wipe. 

Other Action: 

1.    Put case in CP2 of GW2 of predicate 
head prediction. 

Notes 

Same as object predictor. 
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INDIRECT OBJECT PREDICTOR SUBROUTINE 

Assembly Addresss    INDCBJ 

Reference Information 

Characterized by (syntactic role mark): 

1.    iiiiilNDAQBJi in FW9. 

Called in by the following predictor subroutines: 

1. Noun. 3.    Participle. 
2. Adjective. 4.    Numeral. 

Action Taken 

Predicts;    1.    Compound indirect object. 2.    End wipe. 

Notes 

Same as object predictor. 

AGENT PREDICTOR SUBROUTINE 

Assembly Address: ÄGTAAA 

Reference Information 

Characterized by (syntactic role mark): 

1. iiiiiAGENTAi in F8?9<. 

Called in by the following predictor subroutines: 

1. Noun. 3. Participle, 
2. Adjective. 4,. Numeral. 

Action Taken 

Predicts: 1. Compound agent. 2. End wipe. 

Notes 

Same as object predictor. 

i 



i 

NSF-7 1-121 
September 1961 

NOUN COMPLMENT PREDIGTOR SUBROUTINE 

Assembly Address?    NGOMPT 

Reference Information 

Characterized by (syntactic role mark): 

1,    iiiiiNACCMPi in 5W9. 

Galled in by the following predictor subroutines: 

1. Noun« 3.   Participle. 
2. Adjective. 4..    Numeral. 

Action Taken 

Predicts?    1.    Compound noun complement. 
2»    End wipe» 

Notes 

Same as object predictor. 

PREPOSITION COMPLEMENT PREDICTOR SUBROUTINE 

Assembly Address: RCCMPT 

Reference Information 

Characterized by (syntactic role mark): 

1. iiiiiRACOMPi in EW9. 

Called in by the following predictor subroutines: 

1. Noun. 3. Participle. 
2. Adjective. 4. Numeral. 

Action Taken 

Predicts; 1., Compound preposition complement in same case as 
preposition complement. 

2. End wipe„ 

Notes 

Same as object predictor. 
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ADJECTIVE-NOÜN SUBJECT PREDICTOR SUBROUTINE 

Assembly Address:    ANSÜBA 

Reference Information 

Characterized by (syntactic role mark): 

1.   iiiiiSUBJCTi in FW9 and neither "V" in CP1 of FS5 nor 
"PN" in CP1-2 of FW5. 

Called in by the following predictor subroutines: 

1. Noun. 3« Numeral. 
2. Adjective. 4. Participle. 

Action Taken 

Predicts: 1. Compound subject with any person, number 
and gender. 

2. End wipe. 

Other Action: 

1. Modify predicate head prediction (if it has not been 
fulfilled) to 3rd person, and to number and gender 
of preferred argument. Put > 0 in CP3 of Gff2. 

2. If compound subject, modify predicate head prediction 
to 3rd person plural any gendor. 
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PRONOUN SUBJECT PREDICTOR SUBROUTINE 

Assembly Addresss    PSÜBM 

Reference Information 

Characterized by (syntactic role mark): 

1.    iiiiiSUBJCTi in FW9 and "PN" in CP1-2 of FW5. 

Galled in by the following predictor subroutines: 

1.   Noun. 
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Action Taken 

Predicts;    1.    Compound subject with any person,  number and gender. 
2.    End wipe. 

Other Action: 

1. Modify predicate head (if it has not been fulfilled) 
as to person, number and gender of pronoun and 
put > 0 in CP3 of GW2. 

2. If compound subject, modify to 3rd person plural, 
any gender. 

Notes 

This has been merged with adjective-noun subject. 
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VERB SUBJECT PREDICTOR SUBROUTINE 

Assembly Address;    VSUBM 

Reference Information 

Characterized by (syntactic role mark); 

1.    iiiiiSUBJCTi in JW9 and "V" in CP1 of FW5. 

Called in by the following predictor subroutiness 

1.   Verb 2.   BYT'   (6yTb) 

Action Taken 

Predicts: 1. Compound subject (verb infinitive onlys 
CP2 of GW2 = l}o 

2. End wipe« 

Other Action: 

1. Modifies predicate head (if it has not been fulfilled) to 
3rd persons neuter, singular., and puts > 0 in CP3 of GW2, 

VERB PREDICATE HEAD PREDICTOR SUBROUTINE 

Assembly Address: VPREDH 

Reference Information 

Characterized by (syntactic role mark): 

1. iiiiiVAPREDA in PW9o 

Called in by the following predictor subroutines: 

1. Verb 2. BYT' (6yTb) 

i 

Action Taken 

Predicts: It Compound predicate head with same person, number and gender. 

Other Actions 

1. If predicate head is 1st person, modify PSI of subject to 03. 
2. Modifies subject (if it has not been fulfilled) as to 

person, number and gender, and puts > 0 into CP3 of GW2. 
3" Erases left object predictions if they have not been fulfilled. 
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ADJECTIVE PREDICATE HEAD PREDICTOE SUBROUTINE 

Assembly Address: APREDH. 

Reference Information 

Characterized by (syntactic role mark): 

1. "A" in CP1 of FW5 and 1 or 2 in CP9 of PWJ. 

2. "X" in CP1 of FW5. 

Accepted by the following tester subroutines: 

1. Predicate head. 
(Cpd) 2. Verb complement. 

Action Taken 

Predicts: 1. Comparative complement, if CP8 of FW5 > 0, 
2. Objects, agent and verb master with 03 PSI as 

directed by FW8, if CP8 of FW5 < 0 and left 
object not fulfilled. 

3. Verb master.* 
4.. Compound predicate head with same person, 

number, and gender. 

Other Action: 

1. 
2. 

Wipe left object predictions if not yet fulfilled. 
If CP1 of JW5 is "X", wipe subject prediction with 
same serial number as in CP1-3 of FW9. 

3. If CP1 of FW5 is "A", modify subject prediction to 
any person and to number and gender of preferred 
argument and put > 0 into CP3 of GW2. 

Notes 

If predict verb master due to "P9" code in number 2 above, must 
inhibit prediction of 3 above. 
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BIT'  (6yTb) PREDICTOH SUBROUTINE 

Assembly Addresss    BIKM 

Reference Information 

Characterized by (syntactic role mark): 

1. "7" in CP1 of FW5 and "3" in CP12 of JW5. 

Called in by the following predictor subroutines: 

1. Verb 
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Action Taken 

Predicts; 1. M.E. Verb master (if "N" in CP10 of MS, put 
"N" in CP1 of GW1). 

2. M.E. Object (nominative-instrumental combined) (if 
left object found, don't predict object). 

3. M.E. Verb complement (predict any number and gender 
if have gerund or infinitive). 

Gall to; 

1. Verb subject. 

2. Verb predicate head. 

3» Infinitive predicate head. 

4.. Verb master. 

5• Gerund. 
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INFINITIVE PREDICATE HEAD PREDICTOR SUBROUTINE 

Assembl/ Address;    IPREDT 

Reference Information 

Characterized by (syntactic role mark): 

1.    iiiilAPREDM in FW9. 

Called in by the following predictor subroutines: 

1.    Verb 2.    BYT'  (6yTB) 

Action Taken 

Predicts:    1.    Compound infinitive predicate head. 
2.    End wipe. 

VERB COMPLEMENT PREDICTOR SUBROUTINE 

| Assembly Address:    VCOMPT 

Reference Information 

Characterized by (syntactic role mark): 

1.    iiiiiVACOMPA in Fff9» 

Called in by the following predictor subroutines: 

1.    Participle 

Action Taken 

Predicts:    1.    Compound verb complement  (with same 
number and gender), 

2.    End wipe. 
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VEiffl MASTER PREDICTOR SUBROUTINE 

Assembly Addresss    VMASTT 

i 

Reference Information 

Characterized by (syntactic role mark): 

1. iiiiiWmSTA in IW9. 

Called in by the following predictor subroutines: 

1. Verb 2. BYT1 ( öyr^ 

Action Taken 

Predicts;    1.    Compound verb master. 

PREPOSITION OBJECT PREDICTOR SUBROUTINE 

Assembly Address:    RQBJTÄ 

Reference Information 

Characterized by (syntactic role mark): 

1. uR"ln CP1 of M5, the identical preposition, and agreement 
with government code. 

Accepted by the following tester subroutines: 

1.    Preposition object. 

Action Taken 

Call to; 

1.    Preposition. 

Notes 

Same as preposition routine» 

( 

4 
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|—1 PREDIGTOR SUBROUTINE 

Assembly Addresss    DOLLAR 

Reference Information 

Characterized by (syntactic role mark): 

1.    "|" in GP1 of FW2. 

Accepted by the following tester subroutines: 

1.    Infinity. 

i 

Action Taken 

Other Action: 

1. Go to continue to avoid wiping the prediction pool. 

LEFT PAREN PREDIGTOR SUBROUTINE 

Assembly Address: LPAREN 

Reference Information 

Characterized by (syntactic role mark): 

1. "*■(" as input text word. 

Accepted by the following tester subroutines: 

1. Infinity. 

Action Taken 

Predicts: 1. Right paren end wipe. 



1-130 NSF-7 
September 1961 

END-OF-SENTENCE PREDIGTOR SUBROUTINE 

Assembly Address:    EOSTM 

Reference Information 

Characterized by (syntactic role mark): 

1. "." in CP1 of FW5. 

2. V in CP1 of Fff5. 

3. "s" in CP1 of FftT$. 

Accepted by the following tester subroutines: 

1. End of sentence. 

i 

Action Taken 

Other Action? 

1. Wipe prediction pool completely. 

2. Set chain number to 00. 

3. Put 3 space blockettes in hindsight and final choice 
tapes. 

Call to; 

1. Initial. 

C 
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SUBJECT TESTER SUBROUTINE 

PSI = 01 Compound PSI = 99 

ABS, 000012, 00, SUBJM ABS, 000992,  00, CSUBJB 

Reference Information 

Predicted by: 

1. Initial (active and 
inactive). 

2« Comma (inactive). 
3« Clauser. 

Modified bys 

1. Verb predicate head. 
2« Adjective predicate head. 

Reference Information 

Predicted by: 

1. Adjective-noun subject. 
2. Pronoun subject. 
3. Verb subject. 

Testing Criteria 

Fulfilled by: 

1, Noun. 
2. Adjective. 
3« Participle. 
4.0 Numeral. 

if prediction 
)> is in 3rd 

person. 

Grammatical Information required; 

1. GWl: Nominative and number. 

5. Pronoun, if prediction 
matches in person. 

6« Verb (infinitive), if 
prediction is 3rd 
person, singular, neuter. 

2. GW2; CP1: Gender. CP2: Subject must be verb if > 0» 
CP3J Predicate head fulfilled if > 0. CP^.: Person. 

Syntactic Role Mark 

A^SUBJCTA 

Syntactic Role Mark 

ACSUBJCm 
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PREDICATE HEAD TESTER SUBROUTINE 

PSI = 01 Compound PSI = 99 

ABS, 000012, 00, PREDM ABS, 000992, 00, CPREDA 

Reference Information 

Predicted bys 

2. 
3. 

Initial (both active 
and inactive). 
Comma (inactive). 
Clauser. 

Modified by; 

1. Adjective-noun subject, 
2. Pronoun subject. 
3«    Verb subject. 
U.    Left object. 

Reference Information 

Predicted by: 

1. Verb predicate head. 
2. Adjective predicate head. 

Testing Criteria 

Fulfilled by: 

1. Verb (indicative). 
2. Adjective predicate head (if CP2 of GW2 < 1). 

Grammatical information required: 

1. GW1:    Nominative and number. 

2, GW2:    CP1:    Gender.    CP2:    Left object found if > 0 and case 
given by CP2.    CP3:    Subject fulfilled if> 0. 
GP4.:    Person,, 

Syntactic Role Mark 

MVAPREDA 

zy\AAPREDA 

Syntactic Role Mark 

ACVAPREDA 

ACAAPREDA 
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INFINITIVE PREDICATE HEAD TESTER SUBROUTINE 

PSI a 00 Compound PSI = 99 

ABS, 000000, 00, IPtoA ABS, 000990, 00, CIPRED 
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Mäisflga Information 

Predicted by: 

1.    Relative conjunction. 
(ESLI (ecjrn) and 
CHTOBI ( yroÖM ) only). 

Reference Information 

Predicted by; 

1. Infinitive predicate 
head > 

Testing Criteria 

Fulfilled bys 

1. Verb (infinitive). 

Immediate Action 

Wipe all predictions down to, but not including, top comma end wipe. 

Syntactic Role Mark 

AIAPREDM 

Syntactic Role Mark 

CIAPREDM 



1-134 

MASTER TESTER SUBROUTINE 

PSI - 01 

ABS, 0000L2, 00 s MAS TM 

Reference Information 

Predicted bys 

1. Adjective, 
2, Participleo 

Testing Criteria 

Fulfilled bys 

1» Adjective» 
2» Noun. 
3• Pronoun. 
4.0 Numeral. 
5» Participleo 

Grammatical information required; 

1« GW1; Case and number. 
2. GW22 Gender. 
,3.    GW3;    Mark of word making prediction. 

Syntactic Role Mark 

xxxxxxxxM 

(x-x = mark of word predicting master) 
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i 

Notes 

Master preferred argument  should override object or agent preferred 

argument from word with same text serial number.    (This test made 

in override.) 
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NUMERAL MASTER TESTER SUBROUTINE 

PSI = 01 

ABS, 000012, 00, NMASTA 

Reference Information 

Predicted by; 

1 <>    Numeral« 
2o    Numeral mastero 

> 

Testing Criteria 

Fulfilled bys 

I»    Noun» 
2»    Pronoun (nominal). 
3«    Numeral master« 

Grammatical information required: 

lo    GW1;    "RZV"  or case and number. 
2.    GW2;    Mark of word making prediction. 

Syntactic Role Mark 

xxxxxxxxN 

(x-x = mark of word predicting numeral master) 

Notes 

If "R" in CP2 of GW1, both 1 and 2 must be genitive singular 

and 3 fulfills non-R case and number.    Otherwise,  look for 

normal intersection. 
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VEBB MASTER TESTER SUBROUTINE 

PSI = 03 Compound PSI = 99 

ABS, 000031, 00, VMSTA ABS, 000991, 00, CVIAST 

i 

Reference Information 

Predicted bys 

1. Nouno 
2-o Adjective. 
3» Participle. 
i* Verb 
5• Adverb 
6. Adjective predicate head. 
7. BYT'   (6yTh)e 

Testing Criteria 

Fulfilled by; 

1. Verb (infinitive). 

Grammatical information required: 

1. Gils CP.1; "N" if negated. 

Reference Information 

Predicted by: 

1. Verb master. 

i 

Immediate Action 

If "Nn in CP1 of GW1, put "N" in CP10 of F1V8. 

Syntactic Role Mark 

MV^MASTA 

Syntactic Role Mark 

Z\CVAMASTA 

4 
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VEEB COMPLEMENT TESTER SUBROUTINE 

PSI - 03 Compound PSI = 99 

ABS, 000031, 00, VCOMPA ABS, 000991, 00, CVCOMP 
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» 

Reference Information 

.Predicted by. 

1.   BYT'  (6yTb). 

Testing Criteria 

Fulfilled by; 

1.    Adjective with 1 or 2 
in CP9 of Fll!f5. 

Grammatical information required: 

1. GW1: CPls  Gender, CP2: Number. 

Syntactic Role Mark 

MVAGQMPA 

Reference Information 

Predicted bys 

1. Verb complement. 

Syntactic Role Mark 

ACVZ£;0MPA 

Notes 

Presently go to participle predictor. Should go directly 

to verb complement predictor. 
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MODIFIER TESTER SUBROUTINE 

PSI = 50 Compound PSI » 99 

ABS, 000,50.1, GO, MODIFA ABS, 000992, 00, CMODIF 

Reference Information 

Predicted by; 

1c    Noun o 

Modified bys 

1.   Activated by comma end- 
wipe activator. 

Reference Information 

Predicted by: 

1.   Modifier. 

Tegfcing Criteria 

Fulfilled by: 

I» Noun. 
2Q Pronoun. 
3« Adjective. 
4« Participle. 
5. Numeralo 

Grammatical information required? 

1.    GWls    Case and number. 

Syntactic Role Mark 

Z^ODIFEBA 

Syntactic Role Mark 

CMODIFEBA 

i 



» 

NSF-7 
September 1961 

OBJECT TESTER SUBROUTINE 

PSI = 01 Compound PSI = 99 

ABS, 0000.12, 00, CBJEGT ABS, 000992, 00, CQBJCT 

1-139 

Reference Information 

Predicted by; 

lo Noun. 
2. Adjective. 
3« Participle. 
4.. Verb. 
$. Adverb. 
6. OHM (yew). 
7. Adjective predicate head< 
8. BIT'  (öyxb). 

Reference Information 

Predicted by: 

1.    Object. 

Testing Criteria 

Fulfilled by: 

1. Noun. 
2. Pronoun. 

3- Adjective. 

4- Participle 

5- Numeral. 

Grammatical information required: 

1. GW1:    Case and Number. 

2. GW2:    l'/WW\OBJEGTA,t i 

Syntactic Role Mark 

MOBJECTA 

Syntactic Role Mark 

ACOBJECTA 

Notes 

This tester routine also takes care of the following testers: 

(a) Left object. 
(b) Indirect object. 
(c) Agent. 

(d) Noun complement. 
(e) Preposition complement. 



1-140 NSF-7 
September 1961 

LEFT OBJECT TESTER SUBROUTINE 

PSI = 03 Compound PSI -• 99 

ABS, 000032,, 00, LOBJM ABS, 000992, 00, CLOBJS 

Reference Information 

Predicted by; 

1. Initial (active and 
inactive)» 

2» Comma (inactive). 
3 o Clauser 

Modified bys 

1. Wiped by verb predicate head. 
2. Wiped by adjective predicate 

head. 

Reference Information 

Predicted by: 

1. Left object. 

Testing Criteria 

Fulfilled by: 

1. Noun. 
2. Pronoun. 
3. Adjective. 
4.. Participle. 
5» Numeral a 

Grammatical Information required^ 

1.    GWls    "00A000 OOAOOO" or »000010 000010" 

2„    GW22    »A/VvAAT. AQBJA^M 

Syntactic Role Mark 

MLAOBJA 

Notes 

Syntactic Role Mark 

/^LAOBJA 

Same as object tester. 



§ 
NSP-7 
September 1961 

psi = 03 mimT QBJECT mTm ^uriNE 

MS, 000032, 00, INDQBA ^^ PSl = " ABS, 000992, 00, CINPCB 

1-Ul 

Reference Information 

Predicted bys 

I» Initial (active and 
inactive). 

2.    Comma (inactive). 
3» Clauser. 

■Reference Information 

Predicted hy: 

1. Indirect object. 

Testing Criteria 

Fulfilled bys 

1. Noun. 
2. Pronoun. 
3. Adjective. 
4.. Participle. 
5. Numeral. 

Grammatical information required: 

1. GW1."    "000C00 OOOCOO" 

2. Gff2;    "^AAAIN DAOBJA" 

Syntactic Role M^rlr 

AINDAQBJA 

^otes 

Same as object tester. 

Syntactic Role Marie 

CIWMQBJA 



1-142 

PSI = 0,3 

ABS, 0000.32, GO,, kQWtb 

NSF-7 
September 1961 

AGENT TESTER SUBROUTINE 

Compound PSI = 99 

ABS, 000992, 00, CAGENT 

Reference Infprmatlon 

Predicted bys 

1« Noun. 
2o Adjective» 
3° Participle. 
4« Verb o 
5» Adverb <. 

Reference Information 

Predicted by: 

1.    Agent. 

Testing Criteria 

Fulfilled byj 

1. Noun a 
2 o Pronoun s 
3^ Adjectiveo 
4-o Participle 6 
5 o Numeral« 

Grammatical information required; 

lo GWl; Case and number» 

2. GW2s     "MAAM^mTAA" 

Syntactic Role Mark 

MAGEN TM 

Notes 

Syntactic Role Mark 

AGAGENTAA 

Same as object tester. 



NSF-7 
September 1961 

NOUN COMPLMENT TESTER SUBROUTINE 

PSI ~ 00 Compound PSI = 99 

ABS, 000002, 00, WCCMPA ABS, 000992, 00, CNCOMP 

1-143 

I 

Reference Information 

Predicted bys 

1.    Nouji, 

Testing Criteria 

Fulfilled by: 

1. Noun. 
2. Pronoun. 
3« Adjective. 
k' Participle. 
5. Numeral> 

Grammatical information required; 

1. GWls "OGOOOO OGOOOO" 

2. GW2s »AAAAAM ASCMPA" 

Reference Information 

Predicted by: 

1«    Noun complement. 

Syntactic Role Mark 

MN^COMPA 

Notes 

Syntactic Role Mark 

ACNACOMPA 

Same as object tester. 



1-144 KSF-7 
September 1961 

PKEPOSITION COMPLEMENT TSSTER SUBROUTINE 

PSI = 01 Compound PSI = 99 

ABS, 000022, 00, RCOMPA ABS, 000992, 00, GBCOMP 

Reference InfoiTHatlon 

Predicted bys 

lo    Preposition. 

Testing Criteria 

Fulfilled by; 

1o Noun. 
2o Pronoun. 
3« Adjective. 
4.« Participle. 
5 < Numeral, 

Grammatical information required; 

1. GW1;    Case and number. 

2. GW2;    " ZWWÄAC OMPA" . 

Reference Information 

Predicted by: 

1.   Preposition complement. 

Syntactic Role Mark 

MRACOMPA 

Notes 

Same as object tester. 

Syntactic Role Mark 

ACfiACCMPA 



NSF-7 1-245 
September 1961 

CHAIN FJMEBÄL IKTER SUBROUTINE 

PSI = 00 

ABS, 000003, 00, GHNMJfi 

Reference Information 

Predicted bys 

1o    Numeral. 

Fulfilled by; 

1. Numeral. 

Grammatical Information required: 

1«    GW1:    Case and number. 

2. GW2:    Gender. 

3« GW3: Mark of work making prediction. 

Syntactic Role Mark 

(x~x = mark of word predicting chain numeral) 



1-246 NSF-7 
September 1961 

NEGATIVE TESTER SUBfiOUTINE 

PSI = 00 

&BS<, 000000., CO, MGTBf 

ReferenaB Informati.on 

Predioted. hya 

I..   Negative o 

Testing Criteria 

Fulfilled bys 

i0    Verb« 
.?o    Parti cd pie« 
3o    Negated adverbo 

Im.mediate Action 

1,    If fulfilled by 1 or 2 s 

(a) Pat "N" in CP10 of MS. 

(b) Do not call to success» 

(-•.i    Don:t mak.e mark» 

Syntactic Role Mark 

I.NPMDVBM4A 



NSF-7 
September 1961 

COMPAMTIVE CQMPLMMT TESTER SUBROUTINE 

PSI = 01 

ABS, 000011, 00, CMPCMP 

1-147 

Refeyence Information 

Predicted bys 

1. Adverb. 
2. Negated adverb. 
3" Adjective predicate head. 

Testing Criteria 

Fulfilled by; 

1. Noun. 
2. Pronoun (adjectival). 
3. Adjective. 
U. Numeral. 
,5. CHM {neu). 
6. Comma. 

-i 

*■ must be genitive. 

Grammatical information required: 

1. GWls "A00000 000000" if predicted by adverb or 
negated adverb. 

"P00000 000000" if predicted by adjective predicate head. 

Syntactic Role Mark 

/^CMP/^CMPA 

Notes 

Must eliminate comma fulfillment. 



PREPOSITION OBJECT TESTER SUBROUTINE 

PSI - 00 

mSs 00000,1., G0S RQBJEA 

Reference Information 

Predicted bys 

lo    Verb» 

Testing Criteria 

Fulfilled bys 

lo   Preposition objfeot« 

Grammatical information requireds 

lu    GWIs    Preposition government code in CP1-2 

(eogcp EI3 H6; etc.). 

Syntactic Role Mark 

NSF-7 
September 1961 

ARAQBJA/iA 

Notes 

1„    Compounding not taken into account. 

2o    A table of prepositions and codes is stored in the program, 
one machine word per preposition and code:    CCPPPPPPPPPN,. 
GC'■Governmer.t code«    N-case of governed preposition» 
PPPPPPPPP'■I-lit of preposition with delta fill» 



» 

NSF-7 
September 1961 

I-H9 

COMPOUND PREPOSITION TESTER SUBROUTINE 

Compound PSI = 99 

ABS,  000991,  00, CPREPA 

Reference Information 

Predicted by: 

1.    Preposition. 

Testing Criteria 

Fulfilled by: 

1.    Preposition (that is identical). 

Grammatical information required: 

1.    GW1:    Preposition (x-lit). 

Syntactic Role Mark 

CAPREPAiA 



1-150 

PSI = 0.3 

ABS, 000030, 00, GEBÜND 

NSF~7 
September 1961 

GERUND TESTER SUBROUTINE 

Compound PSI = 99 

ABS,, 000990s 00., CGERNA 

Reference Informatioa 

Predicted bys 

lo    Initial« 

2o    C omma o 

Reference Information 

Predicted bys 

1» Gerund. 

Testing Criteria 

Fulfilled bys 

1. Verb (gerund] 

Syntactic Role Mark 

ZfiERUNDM 

Syntactic Role Mark. 

CGERTJNDM 



NSF-7 1-151 
September 1961 

RELATIVE CÜNJUKCTION TESTBfi SUBROUTINE 

PSI = 03 

ABS,  000030,  00, RCONJA 

Reference Information 

Predicted by: 

1. Initial. 

2„ Comma 

Testing Criteria 

Fulfilled by: 

1. Relative conjunction* 

Syntactic Role Mark 

KARACONJA 



1-152 NSF-7 
September 1961 

RELATIVE PRONOUN TESTER SUBROUTINE 

PSI = 03 

ABS, 000030, 00, RPR0M1 

Reference Information 

Predicted by; 

1. Initial. 

2« Comma. 

Testing Criteria 

Fulfilled by; 

1. Relative pronoun. 

Immediate Action 

Whether or not there has been a previous success, upon fulfillment, 

the routine activates all predictions in the pool with 50 £ PSI <98, 

changing serial number. This tester never calls to the success control 

routine, and continues as if there had been no success. Change serial 

of top comma end wipe in pool to serial in T4.. Set "K" extractor 

subroutine. 

Notes 

*■ 

A relative pronoun is characterized by: 

(a) »P» in CP1 of 0W and 

(b) "R" in CP8 of OW. 



NSF-7 
September 1961 

1-153 

INFINITY TESTER SUBROUTINE 

Assembly Address; INFINT 

Reference Information 

Called in by; 

lo End of sentence. 
2c End wipe. 
3o Comma end wipe. 
4o Right paren end wipe. 
5« Comma end-wipe activator 
6. 99-actitätor.   . 

Testing Criteria 

Fulfilled by; 

1. Comma. 5. Numeral (nominative with 
2. Clauser. "C"  in CP12 of FW5). 
3» Adverb, 6. Preposition. 
4. Negative. 7. Infinite conjunction. 

8. Dollar sign. 
9. Left paren. 

Syntact ic Role Mark (respectively) 

1. INFACOMMAAVi 
2. INFACLAUSERA 
3. INFAADVBA^M 
A« INFANEGATIVE 
5» INFANUMERAIv^ 
6o TNFAPREP/VW 
7. INFA30NJNCTA 
8U INFA#if»AMA 
9o INFALAPARENA 



1-154 NSF-7 
September 1961 

ABBITRAÄY CHOICE TESTER SOBROUTINE ^ 

Assembly Address:    ARBTEA 

Reference Information 

Called in by; 

lo    End-of-sentence end wipe« 

Testing Criteria 

Fulfilled by; 

1o Noun. 
20 Pronouno 
3» Adjective. 
4» Participle 
,5. Verb. 
6. Numeral. 
7. and others not accepted by infinity or other predictions. 

Syntactic Role Mark I 

MARBTRM 

Notes 

1. This tester can be fulfilled only if there are no previous 
"success". 

2. If fulfilled, increase chain number by 1. 

3" Go to prediction generating control whether or not fulfilled. 



NSF-7 I-I55 
September 1961 

END-OF-SENTENCE TESTER SUBROUTINE 

PSI = 01 

ABS, 000010, 00, EOSEAA 

Reference Information 

Predicted by; 

1. Initial. 

Called in by; 

1. Right paren end wipe. 

2o Comma end wipe (continue clause mode). 

Testing Criteria 

Fulfilled by: 

1. End of sentence. 

Immediate Action 

When testing is finished, go to infinity and then transfer 

to end of sentence end wipe. 

Syntactic Role Mark 

ENDAOF^SENT. 



1-156 NSF-7 
September 1961 

END-WIPE SENTINEL SUBROUTINE 

ABS., 000020 00, ENDWPE 

Reference Informatlcm 

Predicted bys 

lc Initial (2). 
2U Comma (2)„ 
3o Adj active (2)« 
4« Participle (3), 
5o Verb o 
6 o Adverb <, 
7U Numeralu 
80 Prepositionc 
9 o Gerund. 

10o Modifier. 

Galled in bys 

11. Object. 
12 o Left object. 
13« Indirect object« 
.14. Agent. 
15« Noun complement. 
16. Preposition complement. 
17. Adjective-noun subject. 
18. Verb subject. 
19« Infinitive predicate head. 
20. Verb complement. 

Comma end wipe (either if in end clause mode or if have "*)") 

Immediate Action 

1. Perform infinity tester. 

2. If no success, wipe everything preceding in the pool including 

itself, and then continue with testing. Write all wiped 01 PSI 

predictions on hindsight tape with grammatical information. 



> 

> 

NSF-7 1-157 
September 1961 

CÜMM END-WIPE SENTINEL SUBROUTINE 

ABS,  000021 00, GEWAM 

Reference Information 

Predicted by: 

1. Initial (in end clause mode). 
2. Glauser (in continue clause mode). 
3«    Comma (in end clause mode). 
4.«    Modifier (in continue clause mode). 

Modified by: 

1. End-of-sentence end wipe. 
2. Comma end-wipe activator. 
3» Program executive routine. 

Testing Criteria 

Grammatical information required: 

1. GW1: "ENDACLAUSEAA" or "CONT.CLAUSE" 

Immediate Action 

1. Perform infinity tester. 

2. If in end clause mode or this item is a ,,*),,, transfer 
to end wipe. 

3« If in continue clause mode, transfer to end of sentence. 



1-158 NSF-7 
September 1961 

END-OF-SENTENCE END-WIPE SENTINEL SUBROUTINE 

ABS, 000020,00, ESEWM 

Reference Information 

Called in bys 

1.    End of sentence (via infinity). 

Immediate Action 

1.    Set all comma end-wipe sentinels to continue clause mode. 

2*.    (a)    If came from comma end wipe and there was no success, 
wipe all predictions before and including comma end 
wipe«    Go to arbitrary choice. 

(b) If came from end of sentence, wipe entire pool except end 
of sentence.    Go to arbitrary choice. 

(c) If came from comma end wipe and there was a success,  return 
to   executive routine control. 



I 

I 

NSF-7 
September 1961 

RIGHT PAREN TESTER SUBROUTINE 

PSI = 01 

ABS, 000020, 00, RPEWM 

Reference Information 

Predicted by: 

1.    Left paren. 

Testing Criteria 

Fulfilled by: 

1.    "*)n  as text word. 

Immediate Action 

1. If not fulfilled, go to right paren end wipe, 

2. If fulfilled, wipe this and all previous predictions. 

Syntactic Role Mark 

AHAPARENA 

1-159 

Notes 

This tester together with right paren end wipe are one program 

routine.    Present PSI of combined routine is 02. 



1-160 NSF~7 
September 1961 

RIGHT FARM END-WIPE SENTINEL SUBROUTINE 

ABS,S 000020,00, BPEWM 

Reference Information 

Called in bys 

I»    Right paren. 

Immediate Action 

lo    Perform infinity tester. 

2.    Go to end of sentence tester. 

Notes 

This sentinel together with right paren tester are one program routine. 

COMMA END-WIPE ACTIVATOR SENTINEL SUBROUTINE 

ABS, 000020,00, CEWAM 

Reference Information 

Predicted bys 

1»    Initial. 
2.    Comma« 

Immediate Action 

lc Perform infinity tester. 

2. If no success, wipe this and all previous predictions in pool. 

3» Modify comma end-wipe sentinels to end clause mode. 

4.. Activate all modifier predictions in pool. 



i 
NSF-7 1-161 
September 1961 

99-ÄCTIVATOR SENTINEL SUBROUTINE 

ABS,  000020,00, A99EWA 

Reference Information 

Predicted by: 

1.    Infinite conjunction. 

Immediate Action 

1. Perform infinity tester. 

2. If no success., wipe this and all previous predictions 
in pool. 

3. Activate all 99 PSI predictions in pool. 
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